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ACTION: Notice of proposed rulemaking (NOPR) and public meeting.

SUMMARY: The Energy Policy and Conservation Act of 197B(A), as amended,
prescribes energy conservation standards for vacommsnercial and industrial

equipmentnd certairconsumer productsncludinggeneral service fluorescent lamps
(GSFLs)and incandescent reflector lan(tiRLs). EPCA also requires the 8.

Department of Energy (DOE) to determine whether rstri@gent, amended standards

would be technologically feasible and economically justified, and would save a

significant amount of energy. In this notice, DOE proposes amended energy conservation
standirds forGSFLs and IRLsThe notice also announces a public meeting to receive

comment on these proposed standards and associated analyses and results.



DATES: DOE will hold a public meeting oMonday, May 1, 2014from 9 a.m. to
4p.m., in Washington, DQ:he meeting will also be broadcast as a webinar. See section
IX Public Participation for webinar registration information, participant instructaoms

information about the capabilities available to webinar participants.

DOE will accept comments, data, and information regarding this NOPR before
and after the public meeting, but no later thitNSERT DATE 60 DAYS AFTER
DATE OF PUBLICATION IN THE FEDERAL REGISTER PUBLICATION ]. See

sectionlX Public Participation for details.

ADDRESSES:The public meeting will be held at the U.S. Department of Energy,

Forrestal Building, RoorBE-089, 1000 Independence Avenue, SW., Washington, DC
20585. To attend, please notify Ms. Brenda Edwards at (2022986. Please note that
foreign nationals visihg DOE Headquarters are subject to advance security screening
procedures. Any foreign national wishing to participate in the meeting should advise

DOE as soon as possible by contacting Ms. Edwards to initiate the necessary procedures.
Please also note thidnose wishing to bring laptops into the Forrestal Building will be
required to obtain a property pass. Visitors should avoid bringing laptops, or allow an
extra 45 minutes. Persons can attend the public meeting via wdtonanore

information, refer tahe Public Participation section near the end of this notice.

Any comments submitted must identify the NOPR for Energy Conservation

Standards for @neral service fluorescent lamps and incandescent reflector éantps



provide docket number EEOL1T BTi STDi 0006and/or regulatory information number
(RIN) numberl904AC43. Comments may be submitted using any of the following

methods:

1. Federal eRulemaking Portalww.regulations.govi-ollow the instructions for

submitting comments.

2. Email GSFL-IRL 2011-STD-0006@ee.doe.goinclude the docket number

and/or RIN in the subject line of the message.

3. Mail: Ms. Brenda Edwards, U.S. Department of Energy, Building Technologies
Program, Mailstop E2J,1000 Independence Avenue, SW., Washington, DC,
205850121. If possible, please submit all items on a CD. It is not necessary to
include printed copies.

4. Hand Delivery/CourierMs. Brenda Edwards, U.S. Department of Energy,

Building Technologies Prograf8,50 LOEnf ant Pl aza, SW., Sui
Washington, DC, 20024. Telephone: (202) 28815.If possible, please submit

all items on a CD, in which case it is not necessary to include printed copies.

Written comments regarding the bureleour estimates or othaspects of the
collectionof-information requirements contained in this proposed rule may be submitted
to Office of Energy Efficiency and Renewable Energy through the methods listed above

and by email tcChad_S_Whiteman@omb.eop.gov



mailto:GSFL-IRL_2011-STD-0006@ee.doe.gov
mailto:%20Chad_S_Whiteman@omb.eop.gov

For detailed instructions on submitting comments and additional information on

the rulemaking process, see sectXrof this document (Public Participation).

Docket: The docket, which includes Federal Register notices, public meeting
attendee lists and transcripts, comments, and other supporting documents/materials, is
available for review at regulations.gov. Alldonents in the docket are listed in the
regulations.gov index. However, some documents listed in the index, such as those
containing information that is exempt from public disclosure, may not be publicly

available.

A link to the docket webpage can be tiouat:
www1.eere.energy.gov/buildings/appliance_standards/rulemaking.aspx/ruld@idi24
webpage contains a link to the docket for this notice on the regulations.gov site. The
regulations.gov webpage contains instructions on how to access all docuncudisng
public comments, in the docket. See sect¥¢ffior further information on how to submit

comments through www.regulations.gov.

For furthe information on how to submit a comment, review other public
comments and the docket, or participate in the public meeting, contact Ms. Brenda

Edwards at (202) 588945 or by email: Brenda.Edwards@ee.doe.gov.



FOR FURTHER INFORMATION CONTACT:

Ms. LucydeButts U.S. Department of Energy, Office of Energy Efficiency and
Renewable Energy, Building Technologies Program2BFL000 Independence Avenue,
SW., Washington, DC, 2058%121.Telephone: (202287-1604 Email:

General_Service Fluorescent_Lamps@ee.doe.gov

Ms. ElizabethKohl, U.S. Department of Energy, Office of the General Counsel,
GC-71, 1000 Independence Avenue, SW., Washington, DC, 20535.Telephone:

(202)586-7796 Email: Elizabeth.Kohl@hqg.doe.gav
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I. Summary of the Proposed Rule

Title 11, Part B of the Energy Policy and Conservation Act of 1975 (EPCA or the
Act), Pub. L. 94163 (42 U.S.C. 6296309, as codifieq established the Energy
Conservation Program for Consumer Products Other Than Automdulessiant to
EPCA, any new or amended energy conservation standard that DOE prescribes for
certain products, such &SFLs andIRLs, must bedesigned to achieve timeaximum
improvement irenergy efficiency that is technologically feasible and economically
justified. (42 U.S.C. 6295(0)(2)(A)Furthermore, the new or amended standard must
result in a significant conservation of energy. (42 U.S.C. 6295(0)(3)(B))ctragance
with these and other statutory provisions discussed in this notice, DOE proposes amended
energy conservation standards &BFLs and IRLsThe proposed standards, which are
the minimum lumen output per watt of a lanape shown iTablel.1 andTablel.2.
These proposed standards, if adopteal)ld apply toall products listed imablel.1 and
manufactured in, or imported into, the United States on or after the date three years after

the publication of the final rule fahis rulemaking.

With the exception of certain IRLd)dse proposed standards, if adopteat)ld
apply to all products listed ifablel.2 and manfactured in, or imported into, the United
States on or after the date three years after the publication of the final rule for this
rulemaking.The Consolidated Appropriations Act, 2DPublic Law 1B-76, Jan. 17,
2014), in relevant part, restricts theausf appropriated funds in connection with several

aspects of DOE®Gs i ncandescenR2statesrthptsionr ogr am.

! For editorial reasons, upon codification in the U.S. Code, Part B was redesignated Part A.
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of the funds made available by the Act may be used to implement or enforce standards
for BPAR incandescent reflecttamps, BR incandescent reflector lamps, and ER
incandescent reflector lamps. The majority of IRLs in this rulemaking are PAR IRLs and
therefore do not fall into category of lamps prohibited by sect&The small number

of lamps that are BPAR, ER, an®RBRLs are not included in this rulemakipgrsuant

to section 22. DOE hal initiated a separate rulemaking for lamps rated 50 watts or less
that are ER30, BR30, BR40, or ER40; lamps rated 65 watts that are BR30, BR40, or
ER40 lamps; and R20 IRLs rated 45 watts or,Ibashas suspended activity on this
rulemaking as a result gection 322 of P.L. 1136. (See sectioh.B.3 for further

details.)

Table I.1. Proposed Energy Conservation Starards for General Service
Fluorescent Lamps

Correlated Percent Increase Over
Lamp Type Color Prop:)s;avc\i/ Level Current Standards or
Temperature MY Baseline
. o O 4 K50 92.4 3.8
4-Foot Medium Bipin
> 4,500K 90.6 3.0
O 4 K50 86.9 35
2-Foot U-Shaped
> 4,500K 84.3 4.1
o O 4 ,K50 99.0 2.1
8-Foot Slimline
> 4,500K 94.1 1.2
8-FootRecessed Double O 4,50 97.6 6.1
ContactHigh Output > 4,500K 95.6 8.6
4-Foot Miniature Bipin O 4 ,K50 97.1 12.9
Standard Output > 4,500K 91.3 12.7
4-FootMiniature Bipin O 4 K50 82.7 8.8
High Output > 4,500K 78.6 9.2
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Table 1.2 Proposed Energy Conservation Standards foincandescentReflector

Lamps
Percentage
Increase Over
L T Diameter Voltage Proposed Levet Current
amp type inches \i Im/W Standards or
Baseline
%
. O 125 7.1P%% 4.4
> 2.5 inches >
Standard Spectrum <125 6.2P" 5.1
40 Wi 205 W . O 125 6.0P>% 5.3
O 2.5 i
<125 5.2P%27 4.0
_ O 125 6.0P%27 3.4
> 2.5 inches >
Modified Spectrum <125 5.2P" 4.0
40 Wi 205 W o 2 O 125 5 1p°27 41
.5 i
<125 4.4p°2 4.8

*P = lamp rated wattage

Note 1:BPAR, ER, and BR IRLs and R20 IRLs rated 45 watts or less are not subject to the proposed

standards$or IRLs.

A. Benefits and Costs Bonsumers

DOE calculates a range life-cycle cost (LCC) savings and mean payback period

(PBP)results for various purchasing events and sectors. These results are presented in

sectionVIl.B.1 and chapter 8 of the NOPR TSDablel.3pr esent s

DOEGs eval

the economic impacts of the propdsstandards on consumers of GSFLs, as measured by

the weighted average LCC savings and the weighted average mean PBP. The weighted

average LCC savings are positive for all product classes with the exception dbtie 8

recessed double contact high outdO) product classTablel4pr esent s

DOEOG s

evaluation of economic impacts of the proposed standards on consumers of IRLs, as

measured by theeightedaverage LCCr—d mean PBPThe weighted average LCC

savings are positive for all product classes.

12
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Table 1.3 Impacts of Proposed Standards on Consumers @eneral Service
FluorescentLamps

Weighted Average LCC Weighted AverageMean
Product Class Savings Payback Period
2012 years
4-foot medium bipin 314 36

O 4,500 K

4-foot T5 miniature bipin
standard output 2.76 4.3
O 4,500 K

4-foot T5 miniature bipin high
output 2.28 3.0
O 4,500 K

8-foot single pin slimline

O4.500 K 2.08 4.5

8-foot recessed double contact
HO O 4.500 K -16.76 NER

*Does not include wei diNtEIRDg isfstahdacfidtdesfat dSnoteetwce i
operating costs, which prevents the consumer from recay#re increasepurchase cost.

Table 1.4 Impacts of Proposed Standards on Consumers dhcandescenReflector
Lamps

Weighted Average LCC Weighted AverageMean
Product Class Savings Payback Period
2012 years
Standardspectrum, > 2.5 inches,
<125V 2.95 54

B. Impact on Manufacturers

The industry net present value (INPV) is the sum of the discounted cash flows to
the industry from the base year through the end of the analysis (@20ibgito 2046).
Using a real discoumate of 9.2 percent, DOE estimates that the INPV for manufacturers
of GSFLs is $1,542.5 million in 20128nder the proposed standards, DOE expects that
manufacturers may lose up to 2.6 percent of their INPV, which is approximately $39.9
million in 2012$Ad di t i onal | vy, based on DOEG6s intervie
GSFLs, DOE does not expect any plant closings or significant loss of employment based

on the energy conservation standards proposed for GSFLs.
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For IRLs, DOE estimates that the INPV for méacturers of IRLs is $176.0
million in 2012$ using a real discount rate of 9.2 percent. Under the proposed standards,
DOE expects that manufacturers may lose up to 29.5 percent of their INPV, which is
approximately $51.&illion in 2012%.Additionally, maufacturers of IRLs stated in
interviews with DOE that there is the potential for IRL manufacturers to close existing
U.S. manufacturing plants or for a potential loss of domestic IRL manufacturing

employment based on the energy conservation standardsspbfor IRLS.

C. National Benefit$

DOEG6s analyses indicate that the proposed
significant amount of energy. The lifetime savings for GSplushased in the 3gear
period that begins in the year of compliance with amendeuiatds (20172046)

amount ta3.5 quads.

DOE6s analyses indicate that the proposed
significant amount of energy. The lifetime savings for IRLs purchased in tigea30
period that begins in the year of compliance with aredrefandards (2012046)

amount to 0.013 quads.

Thecumulativenet present value (NPV) tftal consumer costs and savirugs
the proposed standards f86FLsranges from $3.1 billion (at apercent discount rate)

to $8.1 billion (at a $ercent discout rate).This NPV expresses the estimated total value

2 All monetary values in this section are expresse2D12$ and are discounted to 2013.
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of futureoperatingcostsavings minus the estimated increased product costs for products

purchased in 2012046.

The NPV of total consumer costs and savings of the proposed standards for IRLs
ranges from $0.18 billion (at a-percent discount rate) to $0.28 billion (at-pedcent
discount rate). This NPV expresses the estimated total value of future opecating
savings minus the estimated increased product costs for products purchased in 2017

2046.

In addition, the proposed standafdsGSFLswould have significant
environmental benefits. The energy savings would result in cumulative emission
reductions of 17@nillion metric tons (Mt} of carbon dioxide (C§), 730 thousand tons
of methane, 250 thousand tons of sulfur dioX8e,), 210 thousand tons of nitrogen
oxides (NQ), 2.8 thousand tons of nitrous oxide;(, and 0.32 tons of mercury (Hg).
The energy savings would result in cumulative emission reducatidd®Mt of CO,

through 2030.

The proposed standards for IRlould alsohave significant environmental
benefits. The energy savings would result in cumulative emission reductions of 0.70 Mt
of CQO,, 2.7 thousand tons of methane, 0.69 thousand tonsp0SM thousand tons of
NOx, 0.01 thousand tons of,®, and 0.001 tons of HGhe energy savings would result

in cumulative emission reductions bMt of CO, through 2030.

3 A metric ton is equivalertb 1.1 short tons. Results fbiOy and Hg are presented in short tons.
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The value of the C&xeductions for the proposed standards for GS&Ls
calculatedusing a range of values per metric ton of,@@herwise known as the Social
Cost of Carbon, or SCC) developed by an interagency process. The derivation of the SCC
values is discussed in section VI.M. Using discount rates appropriate for each set of SCC
values DOE estimates the present monetary value of thee@@sions reduction is
between $1.3 billion and $17 billion. DOE also estimates the present monetary value of
the NO« emissions reduction, is $200 million at-g@&rcent discount rate and $340

million at a 3percent discount rafe.

The value of the C&reductions for the proposed standards of IRL is calculated
using the same SCC values and discount rates used for @3PEsestimates the
present monetary value of the @&nissions reduction is bed&n $0.0062 billion and
$0.076 billion. DOE also estimates the present monetary value of thefidsions
reduction, is $1.1 million at aFercent discount rate and $1.6 million atpe3cent

discount ratel

Tablel.5 andTablel.6 summarize the national economic costs and benefits

expected to resultdm the proposed standards for GSFLs and IRLs.

* DOE is currently investigating monetary valuation of avoided Hg andeS@sions.
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Table 1.5 Summary of National Economic Benefits and Costs of Proposdthergy
Conservation Standards for General Service Fluorescent Lamps*

Present Value .
Category Billion 2012% Discount Rate
Benefits
) . 12 7%
Operating Cost Savings
22 3%
CO, Reduction Monetized Valugl1.8t case)** 1.3 5%
CO, Reduction Monetized Valug39.7t case)** 56 3%
CO, Reduction Monetized Valug61.2t case)** 8.9 2.5%
CO, Reduction Monetized Valugl17/t case)** 17 3%
) _ 0.2 7%
NOx Reduction Monetized Value (at $2,639/ton)**
0.3 3%
) . 18 7%
Tot al BenefitsA
28 3%
Costs
8.8 7%
Incremental Installed Costs
13 3%
Total Net Benefits
. . . . R 9.0 7%
Including Emission®eduction Monetize? a | u e A
14 3%

* This table presents the costs and benefits associated with GSFL shipped-R0261These results
include benefits to consumers which accrue after 2046 from the products purchased20£®1the
results account for theacremental variable and fixed costs incurred by manufacturers due to the
standard, some of which may be incurred in preparation for the rule.

** The CO,values represent global monetized values of the SCC, in 20128$, in 2015 under sever.
scenarios of thepdated SCC values. The first three cases use the averages of SCC distributions
calculated using 5%, 3%, and 2.5% discount rates, respectively. The fourth case represefits the
percentile of the SCC distribution calculated using a 3% discount rate. The SCC time series use!
DOE incorporate an escalation factor. The value fog Qhe average of the low and high values us
in DOE6s analysis.

A Tot al Benef iatdg% €ases arebderived using the s&rigs corresponding to avere
SCC with 3percent discount rate.
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Table 1.6 Summary of National Economic Benefits and Costs of Proposed Energy
Conservation Standards for Ircandescent Reflector Lamps

Categor Present Value Discount Rate
gory Billion 2012$
Benefits
) . 0.07 7%
Operating Cost Savings
0.11 3%
CO, Reduction Monetized Value {3.89t case)** 0.006 5%
CO, Reduction Monetized Value 9.7t case)** 0.03 3%
CO, Reduction Monetized Value §3.2t case)** 0.04 2.5%
CO, Reduction Monetized Value $117/t case)* 0.08 3%
) . 0.001 7%
NOx Reduction Monetized Value (at $2,639/ton)**
0.002 3%
. R 0.10 7%
Tot al BenefitsA
0.13 3%
Costs
-0.11 7%
Incremental Installed Costs
-0.17 3%
Total Net Benefits
) o ) 0.20 7%
Including EmissionRe ducti on Monet
0.31 3%

* This table presents the costs and benefits associated with IRLs shipped-202@1 These results
include benefits to consumers which accrue after 246 the products purchased in 262G46. The
results account for the incremental variable and fixed costs incurred by manufacturers due to the
standard, some of which may be incurred in preparation for the rule.

** The CO, values represent global monetizealues of the SCC, in 2012$, in 2015 under several
scenarios of the updated SCC values. The first three cases use the averages of SCC distributior
calculated using 5%, 3%, and 2.5% discount rates, respectively. The fourth case represefits the
percetile of the SCC distribution calculated using a 3% discount rate. The SCC time series used
DOE incorporate an escalation factor. The value fog Qhe average of the low and high values us
in DOE6s analysis.

A Tot al Benef it s chsesareldayivedh usinghthe sedie% coaaspbndih@to averag
SCC with 3percent discount rate.

y Thisreduction in product costs occurs because the more efficacious products have substantial
longer lifetimes than the products that would be eliminatedhéytoposed standard.

The benefits and costs of todayb-s propose
2046, can also be expressed in terms of annualized values. The annualized monetary

values are the sum of (1) the annualized national economic value of the benefits from
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consume operation of products that meet the proposed standards (consisting primarily of
operating cost savings from using less energy, minus increases in product purchase and
installation costs, which is another way of representing consumer NPV), and (2) the
anrualized monetary value of the benefits of emission reductions, including CO

emission reductions.

Although combining the values of operating savings angd&ssion reductions
provides a useful perspective, two issues should be considered. First, the national
operating savings are domestic U.S. consumer monetary savings that occur as a result of
market transactions while the value of g4@ductions is basesh a global value. Second,
the assessments of operating cost savings and&ahgs are performed with different
methods that use different time frames for analysis. The national operating cost savings is
measured for the lifetime of GSFLs and IRdtsppel in 20171 2046. The SCC values, on
the other hand, reflect the present value of some future chmlatied impacts resulting
from the emission of one ton GO, in each year. These impacts continue well beyond

2100.

Estimates of annualized benefits angdts of the proposed standards for GSFLs

are shown imablel.7. The resultainder the primary estimate are as follows. Using a 7

® DOE used a twstep calculation process to convert the tgeeies of costs and benefits into aalized

values. First, DOE calculated a present value in 2013, the year used for discounting the NPV of total
consumer costs and savings, for the tsedes of costs and benefits using discount rates of three and seven
percent for all costs and benefitcept for the value of CQeductions. For the latter, DOE used a range of
discount rates, as shownTiablel.5 andTablel.6. From the present value, DOE then calculated the fixed
annual payment over a 3@ar period (2017 through 2046) that yields the same preskrm. The fixed

annual payment is the annualized value. Although DOE calculated annualized values, this does not imply
that the timeseries of cost and benefits from which the annualized values were determined is a steady
stream of payments.
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percent discount rafer benefits and costs other than g@duction, for which DOE

used a Percent discount rate along with the average SCC series that upescai3t

discount rate, the costbfh e st andar ds pr o@/Bmsillodpeiyear t oday 0 s
in increasegroduct costs; while the estimated benefits &r@8million per year in

reduced product operating cost818million per yeaiin CO, reductions, and 0.3

million per yeaiin reduced NQ emissions. In this case, the net benefit would amount to
$642million per year. Using a-Bercent discount rate for all benefits and costs and the
average SCC series, the estimated W®bst of t
million per year in increased product costs; while the estimated benefits, 200 $

million per year in reduced operating cost314million per yeain CO, reductions, and

$18.9million per yeatin reduced N@ emissions. In this case, the net benefit would

amount to approximately783million peryear.

Estimates of annualized benefiisd costs of the proposed standard$Rdus are
shown inTablel.8. The results under the primary estimate are as follows. Using a 7
percent discountate for benefits and costs other than,@€aluction, for which DOE
used a Percent discount rate along tithe average SCC series that usepar8ent
discountrate, theannualizedc o st of todayés pr ofi@dsnelidn st andar
per yeaiin reduced product co§tand theannualized benefitare$7.2 million per year
in reducedoroductoperatingcosts, .4 million per yeaiin CO, reductions, and11

million per yeaiin reduced NQ emissions. In this case, the net benefit would amount to

® This negative cost represents a reduction in product costs compared to the base case, because the more
efficacious products have substantially longer lifetimes than the products that would be eliminated by the
proposed standard.
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$19 million per year. Using a-Bercent discount rate for all benefits and costs and the

average SCC seridbe estimate@nnualizec ost of the standards pro
rule isnegative$9.7 million peryearin reduced product coisand the annualized

benefits of the standards proposed in té@dayleare$5.9 million per year in reduced

operating costs,1$4 million per yeaitin CO, reductions, andG09million per yeain

reduced NQ emissions. In this case, the net benefit would amount to approximaiely $

million per year.
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Table 1.7 Annualized Benefits and Costs of Proposed Energy Conservation
Standards for GeneralService Fluorescent Lamps

Low Net High Net
' Primary Estimate* Benefits Benefits
Discount Rate Estimate* Estimate*
million 2012%year
Benefits
7% 1,180 1,160 1,220
Operating Cost Savings
3% 1,200 1,170 1,250
CO, Reduction Monetized o
Value ($11.8't case)** 5% 98 98 98
CO, Reduction Monetized o
Value ($39.7t case)** 3% 314 314 314
CO, Reduction Monetized o
Value ($61.2/t case)** 2.5% 456 456 456
CO, Reduction Monetized o
Value ($117/t case)** 3% 968 968 968
NOyx Reduction Monetized 7% 19.3 19.3 19.3
Value (at $2,639/ton)** 306 18.9 18.9 18.9
0,
7%plusCQ g a00t02,60 | 1,280t0 2,80 | 1,340 to 2,210
range
7% 1,520 1,490 1,560
Tot al Benef it
0,
3%plusCQ | 4 390t02,80 | 1,290 t0 2,160 1,370 to 2,20
range
3% 1,530 1,510 1,580
Costs
7% 873 910 873
Incremental Product Costs
3% 751 785 751
Net Benefits
0,
7% plus CQ 426 to 1291 367t01,22 | 469to0 1,30
range
. 7% 642 583 685
Tot al A
0,
3% plus CQ 567 to 1,82 505t0 1,370 | 615to0 1,80
range
3% 783 722 831
* This table presents the annualized costs a

These results include benefits to consumers which accrue after 2046 from the products purchased
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201712046. The resul t s iahleanafixed tosts incurred bly manufattarerses
to the standard, some of which may be incurred in preparation for the rule. The Primary Benefits Es
assumes the central energy prices f®EO 2013and a decreasing incremental product cost, dpeide
learning. The Low Benefits Estimate assumes the low estimate of energy pricé&sE»a013and
constant real product prices. The High Benefits Estimate assumes the high energy price estimates
AEO 2013and decreasing incremental product cosis, t price learning.

** The CO, values represent global monetized values of the SCC, in 2012$, in 2015 under several ¢
of the updated SCC values. The first three cases use the averages of SCC distributions calculated
3%, and 2.5% discotimates, respectively. The fourth case represents the&@sentile of the SCC
distribution calculated using a 3% discount rate. The SCC time series used by DOE incorporate an
escalation factor. The value for N@ the average of the low and highvalues ed i n DOE®S:
A Tot al B e n e fpertent arfd Percert cased are dariwed 8sing the series corresponding
average SCCwith-Ber cent discount rate. ,rlanngeite amdwsii 3
range, 0 t heandNDebenefitsiane galcudated using the labeled discount rate, and those
are added to the full range of g@lues.
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Table 1.8 Annualized Benefits and Costs of Proposed Energy Conservation
Standards for Incandescent Reflector Lamps

Primary Low N'et High Net Benefits
Estimate* Benefits Estimate*
Discount Rate : Estimate* :
million 2012%/year
Benefits
7% 7.2 7.1 10
Operating Cost Savings
3% 5.9 5.8 5.8
CO, Reduction Monetized o
Value ($11.8't case)** 5% 05 05 05
CO, Reduction Monetized o
Value (439.7t case)** 3% 1.4 1.4 1.4
CO, Reduction Monetized o
Value ($6..2/t case)** 2.5% 2.0 2.0 2.0
CO, Reduction Monetized o
Value ($117/t case)* 3% 4.2 4.2 4.2
NOyx Reduction Monetized 7% 0.11 0.11 0.16
Value (at $2,639/ton)** 306 0.09 0.09 0.09
7% plus CQ
range 7.8t012 7.7t011 7.8t0 12
7% 8.7 8.6 8.7
Tot al Benef.
3% plus CQ
range 6.4t0 10 6.4t0 10 6.4t0 10
3% 7.4 7.3 7.3
Costs
7% -10.4 -105 -104
Incremental Product Cosys
3% -9.7 -9.8 -9.7
Net Benefits
0,
7% plus CQ 18 to 22 18 to 22 18 to 22
range
. 7% 19 19 19
Tot al A
0,
3% plus CQ 16 to 20 16 to 20 16 to 20
range
3% 17 17 17
* This table presents the annualized costs a
results include benefits to consumers which
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The resultsaccount for the incremental vable and fixed costs incurred by manufacturers due to the
standard, some of which may be incurred in preparation for the rule. The Primary Benefits Estimate
assumes the central energy prices fl®EO 2013and a decreasing incremental product cost, due to pi
learning. The Low Benefits Estimate assumes the low estimate of energy pricé&sE»a013and
constant real product prices. The High Benefits Estimate assumes the high energy price estimates
AEQ 2013and decreasing incremental product costs, due to price learning.

** The CO, values represent global monetized values of the SCC, in 2012&]15under several scenaris
of the updated SCC values. The first three cases use the averages of Blifialist calculated using 5%
3%, and 2.5% discount rates, respectively. The fourth case represent’ feec@tile of the SCC

distribution calculated using a 3% discount rate. The SCC time series used by DOE incorporate an
escalation factor. The vadfor NOt«i s t he average of the | ow and

A Tot al B e n e fpertent arfd Percert cased are dariwed 8sing the series corresponding
average SCCwith-Ber cent discount rate. ,rlanngeite amdwsii 3
range, 0 t he o0 pxbenafitsiane galcidated usingahe thbeldXiscount rate, and those
are added to the full range of g@lues.

y This reduction in product costs occurs because the more efficacious ptoaketsubstantially longer
lifetimes than the products that would be eliminated by the proposed standard.

DOE has tentatively concluded thiae proposed standards represent the
maximum improvement in energy efficiency that is technologically feasiale a
economically justified, and would result in the significant conservation of energy. DOE
further notes that products achieving these standard levels are already commercially
available. Based on the analyses described above, DOE has tentatively coticltitied
benefits of the proposed standatalshe natior{energy savings, positive NPV of
consumer benefits, consumer LCC savings, and emission reductions) would outweigh the

burdens (loss of INPV for manufacturers and LCC increases for some consumers).

Based on consideration of the public comments DOE receives in response to this
notice and related information collected and analyzed during the course of this
rulemaking effort, DOE may adopt energy efficiency levels presented in this notice that
differ from the proposed standards, or some combination of level(s) that incorporate the

proposed standards in part.
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[l. Introduction

The following section briefly discusses t
proposal, as well as some of the relevant hisésbbackground related to the

establishment of standards fé6FLsandIRLs.

A. Authority

Title 1Il, Part B of the EPCA, Pub. L. 9463 (42 U.S.C. 6296309, as codified)
established the Energy Conservation Program for Consumer Products Other Than
Automobiles! a program covering most major household appliances (collectively
referred to as fAcovered productso), which in
the subject of this rulemaking. (42 U.S.C. 6292(a)(14)) EPCA prescribed energy
conservation standas for these products (42 U.S.C. 6295(i)(1)), and directed DOE to
conduct two cycles of rulemakings to determine whether to amend these staf@@ards.
U.S.C. 6295(i)(3)X5)) On July 14, 2009DOE published a final rule in tHeederal
Reagisterwhich compéted the first rulemaking cycle to amend energy conservation
standards for GSFLsand IR(sh er eaf t er t he.78R2R030080Thaa mps Rul e
rule adopted standards for additional GSFhsmnended t he definition of
fluorescent | aaggo 0 aaswhdoptédriesttpreceédunesaapplicable to the
newly covered GSFLs. Information regarding the 2009 Lamps Rule can be found on
regulations.gov, docket number EERBO6STD-0131 at

www.regulations.gov/#!docketDetail;D=EERID06STD-0131.

" For editorial reasonspon codification in the U.S. Code, Part B was redesignated Part A.
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Thisr ul emaki ng encompasses DOEGsSs second cyc
whether the standards in effect for GSFLs and IRLs should be amended, including

whether the standards should be applicable to additional GSFLs.

Pursuant to EPCA, D Qragbas foecovenredgpyoduct® nser vat i
consists essentially of four parts: (1) testing; (2) labeling; (3) the establishment of Federal
energy conservation standards; and (4) certification and enforcement procedures. The
Federal Trade Commission (FTC) is primarilgpensible for labeling, and DOE
implements the remainder of the program. Subject to certain criteria and conditions, DOE
is required to develop test procedures to measure the energy efficiency, energy use, or
estimated annual operating cost of each covereduct. (42 U.S.C. 6293) Manufacturers
of covered products must use the prescribed DOE test procedure as the basis for
certifying to DOE that their products comply with the applicable energy conservation
standards adopted under EPCA and when makingsemiations to the public regarding
the energy use or efficiency of those products. (42 U.S.C. 6293(c) and 6295(s)) Similarly,
DOE must use these test procedures to determine whether the products comply with
standards adopted pursuant to EP@AThe DOE ést procedures for GSFLs and IRLs
currently appear at title 10 of the Code of Federal Regulations (CFR) part 430, subpart B,

appendix R.

DOE must follow specific statutomyiteria for prescribing amended standards for
covered products. As indicated alepany amended standard for a covered product must

be designed to achieve the maximum improvement in energy efficiency that is

27



technologically feasible and economically justified. (42 U.S.C. 6295(0)(2)(A))
Furthermore, DOE may not adopt any standardwioatd not result in the significant
conservation of energy. (42 U.S.C. 6295(0)(3)) Moreover, DOE may not prescribe a
standard: (1) for certain products, including GSFLs and IRLs, if no test procedure has
been established for the product, or (2) if DOE ntetees by rule that the proposed
standard is not technologically feasible or economically justified. (42 U.S.C.
6295(0)(3)(A}B)) In deciding whether a proposed standard is economically justified,
DOE must determine whether the benefits of the standaekdxts burdens. (42 U.S.C.
6295(0)(2)(B)(i)) DOE must make this determination after receiving comments on the
proposed standard, and by considering, to the greatest extent practicable, the following

seven factors:

1. The economic impact of the standardmanufacturers and consumers of the
products subject to the standard,;

2. The savings in operating costs throughout the estimated average life of the
covered products in the type (or class) compared to any increase in the price, initial
charges, or maint@nce expenses for the covered products that are likely to result from
the imposition of the standard;

3. The total projected amount of energy, or as applicable, water, savings likely to
result directly from the imposition of the standard;

4. Any lessenig of the utility or the performance of the covered products likely to

result from the imposition of the standard;
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5. The impact of any lessening of competition, as determined in writing by the
Attorney General, that is likely to result from the impositdithe standard;

6. The need for national energy and water conservation; and

7. Other factors the Secretary of Energy (Secretary) considers relevant. (42 U.S.C.

6295(0)(2)(B)()(1y (V1))

EPCA, as codified, al so -bagksitdaiingsdo what
provision, which prevents the Secretary from prescribing any amended standard that
either increases the maximum allowable energy use or decreases the minimum required
energy efficiency of a covered product. (42 U.S.C. 6295(0)(1)) Also, the Searetgary
not prescribe an amended or new standard if interested persons have established by a
preponderance of the evidence that the standard is likely to result in the unavailability in
the United States of any covered product type (or class) of performaaeeteristics
(including reliability), features, sizes, capacities, and volumes that are substantially the

same as those generally available in the United States. (42 U.S.C. 6295(0)(4))

Further, EPCA, as codified, establishes a rebuttable presumpditoa standard is
economically justified if the Secretary finds that the additional cost to the consumer of
purchasing a product complying with an energy conservation standard level will be less
than three times the value of the energy savings duringrthediar that the consumer
will receive as a result of the standard, as calculated under the applicable test procedure.

See 42 U.S.C. 6295(0)(2)(B)(iii).
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Additionally, 42 U.S.C. 6295(q)(Bpecifies requirements when promulgating
standard for a type @tass of covered product that has two or more subcategories. DOE
must specify a different standard level than that which applies generally to such type or
class of products for any group of covered products that have the same function or
intended use if DE determines that products within such group (A) consume a different
kind of energy from that consumed by other covered products within such type (or class);
or (B) have a capacity or other performamnekated feature which other products within
such typgor class) do not have and such feature justifies a higher or |tanetasd. (42
U.S.C. 6294(q)(1))n determining whether a performanedated feature justifies a
different standard for a group of products, DOE must consider such factors as the utility
to the consumer of the feature and other factors DOE deems apprddriAtgy rule
prescribing such a standard must include an explanation of the basis on which such

higher or lower level was established. (42 U.S.C. 6295(q)(2))

Federal energy conseti@n requirements generally supersetdge laws or
regulations concerning energy conservation testing, labeling, and standards. (42 U.S.C.
6297(a) (c)) DOE may, however, grant waiversfetieral preemption for particulsiate
laws or regulations, in acaance with the procedures and other provisions set forth

under 42 U.S.C. 6297(d)).

Any final rule for new or amended energy conservation standards promulgated
after July 1, 2010, must also address standby mode and off mode energy use. (42 U.S.C.

6295(m) (3)) Specifically, when DOE adopts a standard for a covered product after that
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date, it must, if justified by the criteria for adoption of standards under EPCA (42 U.S.C.
6295(0)), incorporate standby mode and off mode energy use into the standatdabr,

is not feasible, adopt a separate standard for such energy use for that product. (42 U.S.C.
6295(gg)(3)(A)(B)) DOE has determined that standby mode and off mode do not apply

to GSFLs and IRLs and that their energy use is accounted for entithly active mode.
Therefore, DOE is not addressing standby and off modes, and will only address active

mode in this rulemaking.

DOE has also reviewed this regulation pursuant to Executive Order 13563, issued
on January 18, 201¥6 FR 328XJan. 21, 2011 EO 13563 is supplemental to and
explicitly reaffirms the principles, structures, and definitions governing regulatory review
established in Executive Order 12866. To the extent permitted by law, agencies are
required by Executive Order 13563 to: (1) mpwee or adopt a regulation only upon a
reasoned determination that its benefits justify its costs (recognizing that some benefits
and costs are difficult to quantify); (2) tailor regulations to impose the least burden on
society, consistent with obtainimggulatory objectives, taking into account, among other
things, and to the extent practicable, the costs of cumulative regulations; (3) select, in
choosing among alternative regulatory approaches, those approaches that maximize net
benefits (including potdial economic, environmental, public health and safety, and other
advantages; distributive impacts; and equity); (4) to the extent feasible, specify
performance objectives, rather than specifying the behavior or manner of compliance that
regulated entitie must adopt; and (5) identify and assess available alternatives to direct

regulation, including providing economic incentives to encourage the desired behavior,
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such as user fees or marketable permits, or providing information upon which choices can

be male by the public.

DOE emphasizes as well that Executive Order 13563 requires agencies to use the
best available techniques to quantify anticipated present and future benefits and costs as
accurately as possible. In its guidance, the Office of Information and Regulatoimng Affa
has emphasized that such techniques may include identifying changing future compliance
costs that might result from technological innovation or anticipated behavioral changes.
For the reasons stated in the pmasembl| e, DOE
with these principles, including the requirement that, to the extent permitted by law,
benefits justify costs and that net benefits are maximized. Consistent with EO 13563, and
the range of impacts analyzed in this rulemaking, the energy effyc#acdard proposed

herein by DOE achieves maximum net benefits.

B. Background

1. Current Standards
In the2009 Lamps Rule, DOE prescribed the current energy conservation
standards for GSFLs and IRLs manufactured on or after July 14, 2012 (hereafter the
AJuly 2012 standardso). 74 FR 3rdoekB.Dand The <cu

Tablell .2.
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Table Il .1 July 2012 Standardsfor General Service Fluorescent Lamps

Minimum Average Lamp
Lamp Type Correlated Color Temperature Efficacy
Im/W
. - 04,500 K 89
FourFoot Medium Bipin -
> 4,500 K and>7,000 K 88
04,500 K 84
Two-Foot U-Shaped N
> 4,500 K and)7,000 K 81
: o 04,500 K 97
Eight-Foot Slimline N
> 4,500 K and)7,000 K 93
) . 04,500 K 92
Eight-Foot High Output -
> 4,500 K andD7,000 K 88
FourFoot Miniature 04,500 K 86
Bipin Standard Output > 4,500 K and)7,000 K 81
Four-Foot Miniature 04,500 K 76
Bipin High Output > 4,500 K and)7,000 K 72

Table Il .2 July 2012 Standards for Incandescent Reflector Lamps

Minimum
Rated Lamp Lamp Diameter Average Lamp
Wattage Lamp Spectrum inches Rated Voltage Efficacy
Im/W
o5 0125V 6.8*P>?7
, ' <125V 5.9+p>27
401 205 Standard Spectru - >
o025 0125V 5.7+
' <125V 5.0*P>?
0O125V8 5.8%P"%7
>25 =
401 205 Modified <125V 5.0
' Spectrum R 0125V 4.9+P%
025 =
<125V 4.2%P"

Note 1:P isequal to the rated lamp wattage, in watts.

Note 2: Standard Spectrum means any incandescent reflector lamp that does not meet the definitior
modified spectrum in 430.2.

2. Corrections to Codified Standards

In this rulemaking, DOE is proposing to correct errors in the codified standards for

GSFLs and IRLs. In particular, DOE is proposing to correct the typographical errors in

8Shown correctly in thisl2t5awol ei;n etrhreonCFoRLs| y wri tten
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the sections of the CFR that lay out the GSFL standards specified in EPCA antd the IR

standards established by the 2009 Lamps Rule. Specifically, for the GSFL standards
codified at 10 CFR 430.32(n) (1), the fil ess t
foot single pin (SP) slimline lamp type should instead be associated witHdabel2

shaped lamp type. ForfBot SP slimline product class with a minimwalor rendering

index(CRI) of 45 and a minimum average lamp efficacy of 80.0 lumens per watt (Im/W),

the rated wattage should be less than or equal to 65 W, not greater thanie& W. T

revised table should read as follows:

Table Il .3 GSFL Standards Prescribed by EPAct

Nominal Lam Minimum Minimum Average
Lamp Type ' e Lamp Efficacy Effective Date
Wattage CRI
Im/W
>35W 69 75.0 Nov. 1, 1995.
4-foot medium bipin
035 W 45 75.0 Nov. 1, 1995.
>35W 69 68.0 Nov. 1, 1995.
2-foot U-shaped -
O 35 45 64.0 Nov. 1, 1995.
> 65 W 69 80.0 May 1, 1994.
8-foot slimline
065 W 45 80.0 May 1, 1994,
> 100 W 69 80.0 May 1, 1994,
8-foot high output
0100 W 45 80.0 May 1, 1994,

For the IRL standards adopted by the 2009 Lamps Rule that are codified in 10
CFR 430.32(n)(5)the minimum lamp efficacy of 5.8%"is for lamps with a rated
wattage of 4205 W, modified spectrum, diameter greater than 2.5 inelnelsated
voltageofigr eat er t h an ratherthaigluead s ttohdm® 50rvoequal to

revised table should read as follows:
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Table Il .4 IRL Standards Adopted by the 2009 Lamps Rule

Minimum Average

R%t/eait;gg]p Lamp Spectrum Lam;i)nlz;]aer:eter Rated Voltage Lamp Efficacy
E— Im/W
O 125 6.8*P>2’
>25
<125V 5.9+p2
40-205 Standard Spectru
O 125 5.7P>2
02.5
<125V 5.0*P>%’
O 125 5.8*P>%’
>25
<125V 5.0P>2
40-205 Modified Spectru
O 125 4.9+p%
025
<125V 4.2%p%"

3. History of Standards Rulemaking for General SerfAlcmrescent Lamps and

Incandescent Reflector Lamps

As mentioned in the previous section, ER@8 amendecdstablished energy

conservation standards for certain classes of GaRd IRLs, andrequired DOE to

conduct two rulemaking cycles to determine Wleetthese standards should be amended.

(42 U.S.C. 6291(1), 6295(i)(1) and {@)) EPCA also authorized DOE to adopt

standardg$or additional GSFkif such standards were warranted. (42 U.S.C. 6295(i)(5))

DOE completed the first cyelof amendments by plighing afinal rule in the

FederalReqisterin July 2009. 74 FR 34080 (July 14, 2009). P89 Lamps Ble

amenedexisting GSFL and IRL energy conservation standandsadoptd standards

for additional GSFk Thatr u |

al so
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| ampd and or aatnedd awdaotpttaegde t est procedur es

GSFls.

The EnergyPolicy Act of 1992 EPAct 1992 Pub. L. 102486)amendnents to

EPCA ade@das covered prodig IRLs with wattages of 40 watts (W) or highler

app

defining the term Aincandescent reflector | a
elliptical reflector(ER) and bulged reflectqiBR) bulb shapes, and with diameters of
2.75 inches or less. Therefore, suRhs were neither included as covered products nor
subject to EPCAOGs standards for | RLs.

Section 322(a)(1) othe Energy Independence and Security Act of 2ED3A
2000)subsequently amended EPCA to expand the A
reflector I ampo to include | amps with a dian

lamps with ER, BR, bulged parabolic aluminized reflector (BPAR), or similar bulb
shapes. (2 U.S.C. 6291(30)(C)(ii) and (Fpection 322(b) of EISA 20Q7%n amending
EPCA to set forth revised standards for IRLs in new section 325(i)(IBXEmpedfrom
thesestandards the following categoriesliBLs: (1) lamps rated 5® or less that are
ER30,BR30, BR40, or ER40; (2) lamps rated\65that are BR30, BR40, or ER40
lamps; and (3) R2(RLs rated 43V or less (42 U.S.C. 6295(i)(C)DOE refers to these

three categories ¢dmps collectively asertain R, ER, and BRRLS.

DOE has concluded, fohe reasons that follow, that it has the authority under

EPCA to adopt standards for #&RR, ER, and BRRLs, and that these lamps are covered
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by the directive in 42 U.S.C.6295@8)t o amend EPCAOGs standards fc
amending the definitonfo Ai ncandescent reflector | ampo (-
(F)), EISA 2007 effectivelyprought these R, ER, and BR IRin$o thefederal energy

conservation standards program as covered prgdbhetebysubjecting them t®OES s

regulatory authoritySecond although 42 U.S.C 6295(i)(1)(C) exemfitsse R, ER, and

BR IRLsfrom thestandardspecified in 42 U.S.C. 6295(i)(1)(BEPCA directs that

DOE amend the standards laid out in 42 U.S.C 6295(i)(1), which includes subparagraph

(C). As aresult, the atutory textexempted these bullosly from thestandardspecified

in 42 U.S.C. 6295(i)(3)notfrom future regulationConsequently, DOBegan

consideringenergy conservatiostandards for tree= R, ER, and BRRLs. DOE initiated a

new rulemaking for thesproducts byompletinga framework document and publishing

a notice announcing its availabilitys FR 23191 (May 3, 2010pOE held a public

meeting on May 26, 2010 to seek input from interested parties on its methodologies,

assumptions, and data sowte

To initiate the second rulemaking cycle to consider amended energy conservation
standards for GSKand IRLs (other tharthecertain R, ER, and BRRLs discussed in
the preceding paragraphsh $eptember 14, 201 DOE published a notice announcing
the availabil ity of EnefgyeCorisenatioeStandakls d ocument , i
RulemakingFramework Document fagéeneral Service Fluorescent Lamps and

Incandesent Reflector Lampso0 and a public meeting to disctl

° DOE has suspended activity on this rulemaking as a result of section 315 of Public Law (Pub.-Z4 112
(Dec.23, 2011), which prohibits DOE from using appropriated funds to implement or enforce standards for
ER, BR, and bulged parabolic reflector IRLs.
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framework for the rulemaking’.6 FR56678 DOE also posted the framework document
on its websitein whichDOE descritedthe procedural and analytical approaches DOE
anticipated using to evaluate the establishment of energy conservation standards for

GSFLsand IRLs

DOE held the public meeting for the framework documer®otober 4, 201,1°
to present the framework document, describe the analyses it planned to conduct during
the rulemaking, seek comments from stakeholders on these subjects, and inform
stakeholders about and facilitate thieivolvement in the rulemakindt the public
meeting and during the comment period, DOE received many comments that both
addressed issues raised in the framework document and identified additional issues

relevant to his rulemaking.

DOE issued the preliminary analysis for this rulemaking on February 20, 2013

and published it in thEederaRegisteron February 28, 20138 FR 13563 (February 28,

2013) DOE posted the preliminary analysis, as well as the compleiepraty
technical support document (TSD), on its webSitEhe preliminary TSD includes the
results of the following DOE preliminary analyses: (1) market and technology
assessment; (2) screening analysis; (3) engineering analysis; (4) energy use
characteration; (5) product price determinations; (6) LCC and PBP analyses; (7)

shipments analysis; and (8) national impact analysis (NIA).

9 The framework document and public meeting information are available at regulations.gov under docket
number EERE-2011-BT-STD-0006.

Y The preliminary analysis, preliminary TSD, and preliminary analysis public meeting information are
available at regulations.gov under docket number ERRELBT-STD-0006.
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In the preliminary analysis, DOE described and sought comment on the analytical
framework, models, and tools.g, LCC andnational energy savingslES|
spreadsheets) DQlsedto analyze the impacts of energy conservation standards for
GSFLs and IRLs. Specifically, DOE invited comment on the following issues: (1)
consideration of additional GSFLs; (2) amended definitionangket trends; (4)
technology options; (5) product classes; (6) market and technology assessment
methodology; (7) screening of design options; (8) representative product classes; (9)
baseline lamps; (10) more efficacious substitutes; (11)-mmaballastsystems; (12) 4
foot TS5 miniature bipin (MiniBP) HO model lamp; (13) candidate standard levels
(CSLs); (14) compliance requirements; (15) scaling to product classes not analyzed; (16)
engineering analysis methodology; (17) product price determination(@BL ballast
prices; (19) dimmed GSFL systems; (20) lighting controls market penetration; (21)
lighting controls performance characteristics; (22) operating profiles for energy use
characterization; (23) residential GSFL LCC analysis; (24) sales thg ioQC analysis;
(25) spacing adjustments in the LCC analysis; (26) LCC analysis overall methodology
and results; (27) T5s in the residential market; (28) the shipments and national impact
analyses; (29) LCC subgroups; (30) small businesses that manef@8&tLs and IRLS;
(31) manufacturer subgroup analysis; (32) key issues and data for the manufacturer
impact analysigMIA) ; (33) valuing airborne emission reductions; (34) data and
programs for the regulatory impact analysis (RIA); and T&)s (Seeexecutive

summary and chapter 2 of the preliminary TSD.)
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DOE held a public meeting on April 9, 2013, to present the methodologies and
results for the preliminary analysé&danufacturers, trade associations, and environmental
advocates attended the meetifige participants discussed multiple issues, incluthiag
methodology and results of the market and technology assessment, screening analysis,
engineering analysis, product price determination, energy.@€eanalysis, shipments
analysisandNIA. Otherissues brought up during the public meeting included regulatory
authority and rulemaking schedulEinally, the MIA and additional analyses tlaae
undertaken durimthe NOPR stage were discussEge comments received during the
public meeting, along wh the written comments submitted to DOE since publication of
the preliminary analysis, have contributed t

this rulemakingThis NOPR responds to the issues raised in these public comments.

4. Test Procedure
EPCAts forth generally applicable criteri
and amendment of test procedu@? U.S.C. 293 Manufacturers of covered products
must useahese test procedurgscertifyto DOE that their producomplies with EPCA
energy cogervation standards and to quantify the efficiency of fheiduct Similarly,
DOE uses the test procedure to determine compliance with energy conservation
standardsDOE 6s test procedur es freflectoflampsaresets cent ar
forth in title 10 of the CFR part 430, subpart B, appendix Fhese test procedures
provide instructions for measuring GSFL and IRL performance, largely by incorporating
industry standards. Btest procedures were updated in a final rule published in July

2009. 4 FR 31829 (July 6, 2009y he rule updated citations to industry standards and
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made severalthermodifications.DOE further amended the test procedures to update
references to industry standards for GSFLs in a final rule published in January 2012. 77

FR 4203 January 27, 2002

Standby and Off Mode Energy Consumption

EPCA requires energy conservation standards adopted for a covered product after
July 1, 2010 to address standby mode and off mode energy use. (42 U.S.C. 6295(gg)(3))
EPCA defines active modses the condition in which an energging piece of equipment
is connected to a main power source, has been activated, and provides one or more main
functions. (42 U.S.C. 6295)(gg)(1)(A)) Standby mode is defined as the condition in
which an energyising pece of equipment is connected to a main power source and
offers one or more of the following useriented or protective functions: facilitating the
activation or deactivation of other functions (including active mode) by remote switch
(including remote aatrol), internal sensor, or timer; or providing continuous functions,
including information or status displays (including clocks) or sehased functiondd.
Off mode is defined as the condition in which an enarging piece of equipment is
connectedd a main power source, and is not providing any standby or active mode

function.Id.

To satisfy the EPCA definitions of standby mode and off mode (42 U.S.C.
6295(gg)(1)), the lamp must not be providing any active mode fundtnrefnitting
light). However, to reach such a state, the lamp must be entirely disconnected from the

main power source.€., switched off), thereby not satisfying the requirements of
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operating in off moder standby modd-urther, neitheGSFLsnor IRLs covered under
this rulemakng provide any secondary usatiented or protection functions or
continuous standby mode functiofi$wus,thesedamps do not satisfy the EPCA definition
of standby mode. While EPCA allows DOE to amend the mode definitions (42 U.S.C.
6295(gg)(1)(B)), DOBbelieves that the energy use@BFLs and IRL$s accounted for
entirely in the active mode. Therefore, DOE is not addressing lamp operation in the

standby and off modes in this rulemaking.

[1l. General Discussion

A. Product Classes and Scope of Coverage

When evéauating and establishing energy conservation standards, DOE divides
covered products into product classes by the type of energy used or by capacity or other
performanceelated features that justifies a different standard. In making a determination
whethera performanceelated feature justifies a different standard, DOE must consider
such factors as the utility to the consumer of the feature and other factors DOE
determines are appropriate. (42 U.S.C. 6295¢q))furtherdetails on the scope of
coveragedr this rulemakingsee sectioV. For further details on product classese

sectionVI.C and chapter 3 of the NOPR TSD.

B. Technological Feasibility

1. General
In each standards rulemaking, DOE conducts a screening analysis based on

information gathered on all current technology ops$i and prototype designs that could
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improve the efficiency of the products or equipment that are the subject of the
rulemaking. As the first step in such an analysis, DOE develops a list of technology
options for consideration in consultation wittanufaturers, design engineers, and other
interested parties. DOE then determines which of those means for improving efficiency
are technologically feasible. DOE considers technologies incorporated in commercially
available products or in working prototypes ®tbchnologically feasible. 10 CFR 430,

subpart Cappendix A, section 4(a)(4)(i)

After DOE has determined that particutachnologyoptiors aretechnologically
feasible, it further evaluates eaelthnologyoption in light of thefollowing additional
saeeningcriteria (1) practicability to manufacture, install, or service; (2) adverse
impacts on product utility or availability; and (3) adverse impacts on health or safety.
SectionVI1.B of this notice discusses the results of the screening analysis for GSFLs and
IRLsS, particularly the designs DOE considered, those it screened out, and those that are
the basis for the TSLs in this rulemaking. FatHer details on the screening analysis for

this rulemaking, see chapter 4 of the NOPR TSD.

2. Maximum Technologically Feasible Levels

When DOE proposes to adopt an amended standard for a type or class of covered
product, it must determine the maximum imyEment in energy efficiency or maximum
reduction in energy use that is technologically feasible for such product. (42 U.S.C.
6295(p)(1)) Accordinglyin the engineering analysi®OE determined the maximum

technol ogi c altleycihfpe\esantbnlemergy effiocresocgor GSFLs and
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IRLS, using the design parametéos the most efficientproductsavailableon the market
or in working prototypes(Seechapter5 of the NOPR TSD The maxtech levels that
DOE determined for this rulemaking are desedilin sectiorvI.D.2.f for GFSLs and

VI.D.3.efor IRLs of this proposed rule.

C. Energy Savings

1. Determination of Savings

For each TSLDOE projected energy savingom the products that are the
subject of this rulemaking purchased in they8@r period that begins in the year of
compliance witrany amended standards (202@46). The savings are measured over the
entire lifetime of products purchased in they&@r period? DOE quantified the energy
savings attributable teach TSLas the difference in energy consumption between each
standards &® and the base case. The base case represents a projection of energy
consumption in the absence of amended mandatory efficiency standardsnsiaers

market forces and policies that affect demand for more efficient products.

DOE used its NIA spreatiset model to estimate energy savifrgsn amended
standards for the products that are the subject of this rulemakiadNIA spreadsheet
model (described in sectidri.J of this notice) calculates energy savings in site energy,
which is the energy directly consumed by products at the locations where they are used.

For electricity, DOE reportSlIESin terms of the savings in the energy that is ueed t

2 DOE previouslypresented energy savings results for the/@r period that begins in the year of
compliance. In the calculation of economic impacts, however, DOE considered operating cost savings
measured over the entire lifetime of products purchased in te@®eriod. DOE has modfl its
presentation oNESto be consistent with the approach used for its national economic analysis.
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generate and transmit the site electricltiy.calculate this quantity, DO#erives annual
conversion factors from the model used to preparé&/tBeEnergy Information

Admi ni st r a)Annoat Ensrgy O&lIboKAEO).

DOE also estimates fuflel-cycle (FFC)energy savings. 76 FR 51282 (Aug. 18,
2011), as amended at 77 FR 49701 (August 17, 20h2FFC metric includes the
energy consumed in extracting, processing, and transporting primaryifeletsoél,
natural gas, petroleum fuels), and thus presents a more complete picture of the impacts of
energy efficiency standards. DOEG6s approach
multiplier for each of the energy types used by covered products. For mareatit;

on FFC energy savings, see sectitd.

2. Significance of Savings

As noted above, 42 U.S.C. 6295(0)(3)(B) prevents DOE from adoptingaasta
for a covered product unless such standard w
Al t hough the term Asignificanto is not def in

Natural Resources Defense Council v. Herring#88 F.2d 1355, 1373 (D. Cir. 1985),

indicated that Congress intended fAsignifican
savings that were not Agenuinely trivial.o T
considered in this rulemaking (presented in sedfilbiA\ ) are nontrivial, and, therefore,

DOE considers them fisignificanto within the
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D. Economic Justification

1. Specific Criteria

EPCA provideseven factors to be evaluated in determining whether a potential
energy conservation standard is economically justified. (42 U.S.C. 6295(0)(2)(B)(i)) The
following sections discuss how DOE has addressed each of those seven factors in this

rulemaking.

a. Ecanomic Impact on Manufacturers and Consumers

In determining the impacts of an amended standard on manufacturers, DOE first
uses an annual caflow approach to determine the quantitative impacts. This step
includes both a sheterm assessmehtbased on theost and capital requirements during
the period between when a regulation is issued and when entities must comply with the
regulatiord and a longerm assessment over a3ar periodThe industrywide
impacts analyzed include INPWhich values the indizsy on the basis of expected future
cash flows; cash flows by year; changes in revenue and income; and other measures of
impact, as appropriate. Second, DOE analyzes and reports the impacts on different types
of manufacturers, including impacts on smalihuicturers. Third, DOE considers the
impact of standards on domestic manufacturer employment and manufacturing capacity,
as well as the potential for standards to result in plant closures and loss of capital
investment. Finally, DOE takes into account cietive impacts of various DOE
regulations and other regulatory requirements on manufactkmarghis rulemaking,

these impacts include those resulting from the 2009 Lamps Rule.
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For individual consumers, measures of economic impakidethe changem
LCC and PBRassociated with new or amended standartiese measures are discussed
further in the following section. For consumers in the aggregate, DOE also calculates the
nationalNPV of the economic impacts applicable to a particular rulemaking. 816
evaluates the LCC impacts of potential standards on identifiable subgroups of consumers

that may be affected disproportionately by a national standard.

b. Savings in Operating Costs Compared to Increase in Price

EPCA requires DOE to consider the sagimgoperating costs throughout the
estimated average life of the covered product compared to any increase in the price of the
covered product thas likely to result from the imposition of the standard. (42 U.S.C.
6295(0)(2)(B)(i)(11)) DOE conducts thisomparison in its LCC and PBP analysis. The
LCC is the sum of the purchase price of a product (including its installation) and the
operating expense (including energy, maintenance, and repair expenditures) discounted
over the lifetime of the producto acount for uncertainty and variability in specific
inputs, such aproductlifetime and discount rate, DOE uses a distribution of values, with
probabilities attached to each val&er its analysis, DOE assumes that consumers will

purchase the covered prasiin the first year of compliance with amended standards.

The LCC savings and the PBP for the considered efficacy levels &gt s)

calculated relative to a base case that reflects projected market trends in the absence of

amended standard3OE identifies the percentage of consumers estimated to receive
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LCC savings or experience an LCC increase, in addition to the average LCC savings

associated with a particular standard level.

c. Energy Savings

Although significant conservation of energyaiseparate statutory requirement
for imposing an energy conservation standard, EPCA requires DOE, in determining the
economic justification of a standard, to consider the total projected energy savings that
are expected to result directly from the stand&@ U.S.C. 6295(0)(2)(B)(i)(lll)) As

discussed in sectiovil.J, DOE uses the NIA spreadsheet to profeS.

d. Lessening of Utility or Performanad Products

In establishing classes of products, and in evaluating design options and the
impact of potential standard levels, DOE evaluates standards that would not lessen the
utility or performance of the considered products. (42 U.S.C. 6295(0)(2J(B)]ifhe
standards proposed i n the dildyoypérormancetofttiee wi | | n o

products under consideration in this rulemaking.

e.Impact of Any Lessening of Competition

EPCA directs DOE to consider the impact of any lessening of coropetis
determined in writing by the Attorney General, that is likely to result from the imposition
of a standard. (42 U.S.C. 6295(0)(2)(B)(i)(W plso directs the Attorney General to
determine the impact, if any, of any lessening of competition likelgdolt from a

proposed standard and to transmit such determination to the Secretary, together with an
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analysis of the nature and extent of the imp@&.U.S.C. 6295(0)(2) (B)(ii)) DOE will
transmit a copy of todayo0s withaoqguessteadther ul e t o
U.S.Department of Justice (DOJ) provide its determination on this issue. DOE will

address the Attorney General s determinati on

f. Need for National Energy Conservation

The energy savings from the proposed staiwlare likely to provide
i mprovements to the security and reliability
the demand for electricity also may resulteduced costs for maintainitige reliability
of the nat i on O0BOE ednduast utility anpactyanalysys sestiemate how

standards may affect the nationd6s needed pow

The proposed standards also are likely to result in environmental benefits in the
form of reduced emissions of air pollutants and greenhoses@HGs)associated with
energy productoDOE reports the emissions iIimpacts fr
each TSL it considered, in sectighL of this notice. DOE also reports estimates of the

economic value of emissions reductions resulting from the considered TSLs.

g. Other Factors
EPCA allows the Secretary, in determining whethstandard is economically
justified, to consider any other factors that the Secretary deems to be relevant. (42 U.S.C.

6295(0)(2)(B)(1)(V1I))
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2. Rebuttable Presumption
As set forth in 42 U.S.C. 6295(0)(2)(B)(iil), EPCA creates a rebuttable
presumption thizan energy conservation standard is economically justifibe
additionalcostto the consumer & product that meets the standard is less than three
times the value of the firgea® snergy savings resulting from the standasl
calculated undeihe applicable DOE test proceduleOEG6s LCC and PBP analy
generate values used to calculate the effects that proposed energy conservation standards
would have on the payback period for consumers. These analyses include, but are not
limited to, the 3yea payback period contemplated under the rebuttpfdeumption test.
In addition, DOE routinely conducts an economic analysis that considers the full range of
impacts to consumers, manufacturers, the nation, and the environment, as required under
42USC6295(0)(2)(B)Y(i). The results of this ar
evaluation of the economic justification for a potential standard level (thereby supporting
or rebutting the results of any preliminary determination of economic justificatiba). T
rebuttable presumption payback calculation is discussed in séttDmof this proposed

rule.

IV. Issues Affecting Rulemaking Schedule

In the scledule presented in the framework docunwdrihis rulemaking, the
preliminary analysis was scheduled to be published in September 2012, the NOPR in
August 2013, and the final ruéstablishing any amended standand®014.During the
framework stage, stekolders expressed concerns that because the 2009 Lamps Rule

standards would require compliance July 14, 2012, the preliminary analysis published in

50



September 2012 would not be able to account for the impacts of the July 2012 standards.
DOE noted these coarns aneéxtended the schedulayblishing the preliminary analysis
in February 2013DOE receiveddditionalcomments regarding the timing of this

rulemakingin the preliminary analysis phase

Philips questioned whether this rulemaking is statutorily required to be completed
at this time, specifically asking if EPAct 1992 provided a date by which the final rule of
the second cycle of energy conservation standards for GSFLs and IRLs has to be

pubished.(Philips, Public Meeting Transcript, No. 30 at pp-Z8)

In aJoint Comment, he Appliance Sandards Awareness Project (ASARe
NaturalResources Defense Council (NRD@)e Alliance to Save Energthe American
Council for anEnergyEfficient Economy (ACEEE)the Consumer Federation of
America, and thé&latonal Consumer Law Cent§r her eaf t er t he fAJoint C
Northeast Energy Efficiency Partnersh(pfEEP) emphasized that EPAct 1992 requires
DOE to complete two roundd mulemakings for IRLs and GSFLs. The Joint Comment
noted that final rule of the first cycle was required to be published by April 1997. (42
U.S.C. 6295(i)(3)) DOE was required to publish the final rule of the secondfxle
years later. (42 U.S.C. 620%4)) NEEP and the Joint Comment stated that as DOE
failed to publish a final rule for the first cycle until July 2009, it is not possible for DOE
to meet the required deadline date for the second cycle. Therefore, NEEP and the Joint
Comment agreed th#te second cycle should ocamithin the interval contemplated by
Congress when it set out the original deadliaesla final rule should be issued later

than 2014(NEEP, No. 33 at p.;Joint Comment, No. 35 at pp-2) ASAP agreed
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stating that yenthatthe 2009 Lamps Rule was complatevasnot discretionary for
DOE to have any other schedule than the one currently in place for this rulemaking.

(ASAP, Public Meeting Transcript, No. 30 at pp. 41923)

General Electric (GE$tatedts concern thathis rulemaking is occurring too soon
after the 2009 Lamps Rule, making it difficult for manufacturers to recover investments
in new technologies or to develop products meeting even higher star@gralicated
that the close proximity of theilemakings will have a severe and negative impact on
manufacturers. (GE, Public Meeting Transtriyo. 30 at p. 192) National Electrical
Manufacturers AssociatioNEMA) noted that for certain GSFL product classes, Office
of Hearing and Appeals (OHA) issd waivers providing a stay of enforcement for many
manufacturers due to the limited availability of rare earth phosphors. NEMA pointed out
that as a result, the July 2012 standards still have not been fully implenm(@iiéds,

Public Meeting TranscripNo. 30 at pp. 228 NEMA, No. 36 at p. 1Y herefore,

NEMA stated that the market has not fully shifted to reflect the impacts of the July 2012

standards and there is little to no accurate information available regarding future market

shares and techragy capability. Hence, NEMA concluded that as it is too soon after the

2009 Lamps Rule to set new energy conservation standards, DOE and the Secretary

should declare no new standard in this rulemakiNgEMA, No. 36 at p. 1)-urther,

NEMA called attention o DOE&6s newer authority to review
standardsix years after a final rule is published. NEMA found that this review will

provide an opportunity to better assess standards for GSFLs andNEIMA, No. 36 at

pp. 12)
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The California inestorowned utilities, including Pacific Gas and Electric
Company (PG&E), Southern California Gas Company (SCGC), San Diego Gas and
El ectric (SDG&E), and Southern California Ed
approved of the current timeline for tmidemaking. They commented that because DOE
waited until after the July 2012 standards required compliance before completing the
preliminary analysis and due to the amount of time before standards promulgated by this
rulemaking would require compliancegw is the correct time to proceed with the second
cycle of energy conservation standards for these products. (CA I0OUs, Public Meeting

Transcript, No. 30 at pp. 381)

The Joint Comment emphasized the significance of this rulemakiageason to
proceedwithin thefive-year timeframeThey stated that according to the 2QL8S.
Lighting MarketCharacterizationZ010LMC),**the U.S. inventory of installed IRLs
was estimated to be in excess of 641 million lamps, representing almost 8 percent of the
total installed lighting base, consuming an estimatete&wvatt hoursTwWh) annually.
The 2010 LMC estimated an inventory of nearly 2.4 billion GSFLs, representing 29
percent of the total installed base, consuming approximately 294 TWh annually. While
the JointComment recognized that these numbers will likely beghecrease over time
with the increased prevalencelight-emitting diode LED) alternativesthey noted that
IRLs and GSFLs will still likely command a significant portion of the lighting marnet f

decades to come, as a perceived cheaper alternative to DE®$0 this and the findings

13U.S. Department of Energg2010 U.S. Lighting Market Characterizatialanuary 2012. Available at
http://appsl.eere.energy.gov/buildings/publications/pdfs/ssIHtddinal-jan-2012.pdf
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of the preliminary analysithatthis rulemaking offers the potential for significant, eost
effective savings for U.S. consumers and businefisgpoint Commenirged DOBo

placet hi s r u lcempletikni as ahdls priorityJoint Comment, No. 35 at p. 2)

DOE is obligated to conduct this second review of GSFL and IRL standards.
EPCA required DOE to initiate the first review of standards no earlier thaayeags
after October 24, 1992, and publish a final rule no later than four years and six months
after that date. 42 U.S.C. 6295(i)(3) The second review of standards was to be initiated
no earlier than eight years after October 24, 1992, and the finguilished no later
than nine years and six months after that date. 42 U.S.C. 6295(i)(4) DOE published the
final rule for the first review of standards in July 2009. DOE is conducting this
rulemaking to satisfy the EPCA requirement for a second revieleatandards.
Applying the schedule DOE developed for the second review of standards would result in
an interval of five years between the publications of the final rules for the first and second

review of standards, and any final rule for this rulemakiogld be published in 2014.

To address comments thi@bduct availabilityproductpricing, and investment
decisionsn response to théuly 2012standardsvould not be finalized within the
proposed scheduled, DOE delayed the publication of the prelyramatysis to update
its product databases and assessments based on changes that took place after the
compliance date on July 14, 2012. Additionally, for the preliminary analysis stage, DOE
obtained information during interviews with manufacturers reggrdew product lines

they were preparing to |l aunch to ensure
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impacts of the July 2012 standards. The analysis presented in this NOPR was updated
and finalized more than a year after the July 2012 standamgisag@gompliance,

reflecting the most recent data available. Further, in manufacturer interviews conducted
for this NOPR, DOE learned that most manufacturers were not planning to introduce any
additional covered products to market. Therefore, DOE belibatshe revised schedule

for this GSFL and IRL rulemaking has allowed the preliminary analysis and NOPR
analysis to be conducted so as to have adequately captured the impacts of the July 2012
standards for these producsy additional data received wille considered in the

development of any final rule.

V. Issues Affecting Scope

A. Clarifications of @neralServiceFluorescent. ampDefinition

The scope of this rulemakirigr GSFLsi s def i ne dflulrgscemth e t er ms
lampd andfigeneral service fluorescemtrhp H0 CFR 430.2 The definition of general
service fluorescent lamp includes certain exemptions. DOE has received several
guestions on the application of these exemptidherefore, in the preliminary analysis
DOE evaluated each exemption and determihatithe following exemption categories
could be furtheescbaanti eduofempant | amps, 0
| amps, 06 Afluorescent | amps designed for wuse
primarily designed to produce radiationthe ultravi ol et r egi on of the sp
these exemption categories, the terminology was either not defined elsewhere or the

application of the exemption could be further clarified. DOE examined product literature
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and industry reference sourceslgiermine language that would further explain these

exemptions. DOE determined that the exemptions should be clarified as follows:

Impactresistant fluorescent lammpeans a lamp that:

a. Has a coating or equivalent technology that is compliant with NSHARS
(incorporated by referencgsee8 430.3)and designetb contain the glass if
the glass envelope of the lamp is broken; and

b. Is designated and marketed for the intended applicatiorn, with

I. The designation on the lamp packaging; and
ii. Marketing materialshat identify the lamp as being impaesistant,

shattefresistant, shattgeroof, or shatteprotected.

Reflectorized or aperture lanmpeans fluorescent lamp that contains an inner

reflective coating on the bulb to direct light.

Fluorescent lamp dieged for use in reprographic equipmergans a fluorescent

lamp intended for use in equipment used to reproduce, reprint, or copy graphic material.

Lamps primarily designed to produce radiation in the wiodet reqgion of the

spectrunmean fluorescdriamps that primarily emit light in the portion of the

electromagnetic spectrum where light has a wavelength betweserd200 nanometers.
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In the preliminary analysi®OE also considered clarifications of the terms
Adesi gnedo and ntodefmikoasotlighing preducts povdred ender
DOE standards. These terms are generally used to ensure that exemptions from
applicable standards apply only to lamps used in certain intended applications and/or
functions.Therefore, DOE considered tret ms fidesi gned, 0 fidesi gnat
Adesi gnated and mar ket e,dforoovesed ightiiglpwductg ned and
to mean that manufacturers explicitly state the intended application of the lamp in a
publicly available documeng(g, praduct literature, catalogs, packaging labels, and

labels on the product itself).

NEMA agreed with the proposed clarifications to definitions for GSFLs. (NEMA,
Public Meeting Transcript, No. 30 at p. 45; NEMA, No. 36 at pp) MEMA noted that
the definitons have been in use since the early 1990s and are well understood within the
industry; the additional clarification suggested is in line with current industry practice.
NEMA stated that no further definitions are required beyond this clarification. (NEMA

No. 36 at pp. %)

TheCA 10Us agreed that DOE should clearly define the lamp types exempted
from standards. Specificallthe CA 10Us recommended further clarifying the definition
for fluorescent | amps fidesi gnédlUs,Public col d t en
Meeting Transcript, No. 30 at pp.-32; CA IOUs, No. 32 at p. 12)heCA IOUs
expressed concern that that many common GSFLs are currently being designed with

amalgam to be operated in lower temperatures, but without a negative effect on the
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lamps 6 aridhatnteadedyo be exempt from standardehe CA 10Us stated their
understandinghat the exemption for cold temperature lamps has been preserved to
accommodate uncommon lamps designed to be used outdoors in extrefmeeznly
temperéures that cannot meet the efficacy requirements established for GSFLs. (CA

IOUs, No. 32 at p. 12)

The Northwest Energy Efficiency Alliance (NEEA) and Northwest Power and
Conservation Council (NPCC) agreed wiitie CA IOUs and found the descriptor
Adesedghor cold temperature applicationso to
between products that are covered currently and those that have design features that make
it impossible for them to meet the standards. NEEA and NPCC commented that this lack
of clarity seems to create a significant loophole. (NEEA and NPCC, No. 34 at p. 3) In
addition to clearly defining the exempt cold temperature lathp& A IOUs asked DOE
to revisit the market share and performance of these lamps to confirm that thdgato

justify an exemption. (CA I0Us, No. 32 at p. 12)

The exemption for cold temperature | amps
| amps specifically designed for cold tempera
a definiti onatufefunoresderd calmp ot esmpagdred as f ol | ows:

Cold temperature fluorescent lammeans a fluorescent lamp specifically
designed to start at 120 AF when used with a

American National Standards Institute (ANSIJ8.81 (incorporated by reference; see

58



§430.3) and ANSI C78.901 (incorporated by reference; 398), and is expressly
designated as a cold temperature lamp both in markings on the lamp and in marketing

materials, including catalogs, sales literatamed promotional material. 10 CFR 430.2

Cold weather starting is accomplished through both the lamp and ballast design.
Product literature indicates that cold temperature fluorescent lamps paired with the
appropriate ballast can be started at tempemasdow as20°F.Therefore, the existing
definition, which includes the specific starting temperature and the requirement of being
marketed and designed for cold temperature applicai®assufficient description of
fluorescent lamps designed to beegied in cold temperatures. Additionally, product
offerings of cold temperature fluorescent lamngmain limited, indicatingheir specialty
use. Hence, DOE is not proposing any further clarification for the exemption category of

fluorescent lamps desigaidor cold temperature applications.

DOE did not receivany furthercomment on definitions considered in the
preliminary analysisin this NOPR, DOE is also considering providing a definition for
700 seriedluorescent lampOHA has granted several manufactureasvers from
standards for their 700 series T8 produ($ee sectioW1.D.2.afor further discussion
regarding OHA waiver} A definition for 700 series lamps would provide clarification

regarding these lamp types.

The term A700 serieso is widely used

lamps with a CRI in the range of 70 to 79. Theminating Enginering Society oNorth
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America (ESNA) Lighting Handbook* presents fluorescent lamp nomenclature and
states that color is represented by a three digit numbef7@5 or 835) beginning with
the first di gi.g,7a 8)andfokowdd aythe érst twaglslof tHe

| a mpodredated color temperature@C) (e.g, 30, 35, 41). DOE explained this
nomenclature in chapter 3 of the 2009 Lamps Rule ¥Sfating thatypically lamps

with a CRI in the 60s use only less efficient halophosphors, vames with a CRI in

the 70s (70Geries phosphor) and in the 80s (8&€ries pbsphor) use more efficient rare
earth phosphord.he DOE test procedure at 10 CFR part 430, subpart B, appendix R
requires CRI to be measured and reported to demonstrate carephdh standards.
Thus, the measured CRI of a lamp is used to determine if the lamp qualifies as a 700
series lampHence DOE is proposing to define 700 series fluorescent lamps to mean a

fluorescentamp with a CRI that is in the range of 70 to 79.

In this NOPR, DOE is proposing the definitionspasviouslyspecifiedin this
sectionand in the preliminary analysis féri mpraecsti st ant fl uorescent |
Arefl ectorized or aperture | amps, o0 Afluoresc
equi praagmlt amps primarily desi gne-woletregiopr oduce
of the spectrund DOE is also proposing a definition bfd e s iamdmarkeéted This
definition is intended to apply to the use of these and similar terms (i.e., designated or
labeled) in anygrammaticaform or combinationln addition DOE is proposing a

definition for A700 series fluorescent | amp.

1 DilLaura, D. L., K. W. Houser, R. Qistrick, and G. R. SteffyLighting Handbook: Reference and
Application, 10th EditionNew York: IESNA, 2011

> The 2009 Lamps Rule TSD is availableatw.regulations.gov/#!documentDetail; D=EERB06STD-
01310147
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B. GeneralServiceFluorescent. ampScopeof Coverage

1. Additional GeneralServiceFluorescent ampTypes

In this rulemaking, DOEvaluats energy efficiency standards for additional
GSFLs beyond those for which standards have already been estalffi2heds.C.
6295(i)(5))Any additional GSFk considered for coverage under standards must meet
the definition of a fluorescent lamp 42 U.S.C. 6291(30)(A); satisfy the majority of
fluorescent lighting applications; not be within the exclusions specified in 42 U.S.C.
6291(30)(B); and not alreadhe subject to energy conservation standards. 73 FR 13620,
13629 (March 13, 2008kor eachadditional GSFEkthat meets these criteria, DOE then
assesses whether standardgldresult in significant energy savingad are
technologically feasible and economically justified. Standards for any applicable
additional GSFk are adopted based on tlesree criteria used to set new or amended

standards for productsipuant tad2 U.S.C. 6295(0).

Using these criteridDOE evaluated whether the following GSFL types warranted
coverage under standards: 1) pin base compact fluorescent lamps; @ Fis}linear
fluorescent lamps(g, circline);and3) fluorescent lamps with alternate lengteésy( 2-,

3-, and 5foot lamps).

For pin base CFLPDOE determined that these lamp types fall within the definition of
Ageneral servi ce GSEWME3U.SC. 6291(30C)(BB)hereforey d e s

these lamp types cannot be considered under this rulem&Ktgis evaluating these
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lamp types in the rulemaking for general service larBpsuments related to this
rulemakingcan be founan regulations.gov, dockeumberEERE 2013 BTi STDi

0051

For nonlinear fluorescent lamp®OE considered circline fluorescent lamps, the
primary shape not currently covered under standards. DOE used the miscellaneous
category of fluorescent lamps reported by the 2010 tvd:termine market share and
energy consumption of circline fluorescent lamps. This category included fluorescent
lamps other than the T5, T8, T12 linear lapg®l T8 and T12 t$haped lampsnd is
therdore mainly comprigd ofcircline lamps and lamps witmknown characteristics.

The 2010 LMC reported this categoryaeaup 2.1 percent of lighting and conswuide

TWh of electricity in 2010. Interviews with manufacturers also confirmed the low market
share of these lamp types. Therefore, DOE tentatively ededlthat coverage should not
be expanded to neimear fluorescent lamps as standards would not likely result in

significantenergy savings.

For linear lengths not already covered by standards, DOE focused on linear
medium bipin (MBP) fluorescent lampanging from 1 to 6 feetvith the exception of
the 4foot MBP, which is alreadpubject testandardsDOE6s anal ysts showed
and 6foot lengths comprise a very low percentage of the linear MBP product offerings.
For the T8% MBP lamps with lengths &s than 4 feet, according to the 2010 LMC, these

lamps comprised about 0.2 percent of all installed lighting and consumed 1 TWh of

18 The majority of T12 MBP lamps with lengthesk than 4 feet do not comply with the July 2012
standards.
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electricity in 2010. Feedback from manufacturers also indicated a low market share for
these lamp types. Therefore, DOE téintly concluded that coverage should not be
expanded to linear fluorescents of lengths not covered by standards as standards would

not likely result insignificantenergy savings.

DOE received several comments on its assessment not to extend coverage to
linear fluorescent lamps of lengths not already covered. In particular, several stakeholders
asserted that thef@ot linear fluorescent lamps comprised a market share that warranted
coverage under standard$ie CA IOUs urged DOE to reassess th#at linear
fluorescent lamp market share and recommended that they be included in the scope of
coverage of this rulemaking. (CA I0Us, Public Meeting Transcript, No. 30 at g8;32
CA I0Us, No. 32 at pp. 212) NEEA and NPCC advised thatdbt linearfluoresent
lampsbe included under scope of coverage and in their own product class, if appropriate.
(NEEA and NPCC, No. 34 at pp-3) Specifically,the CA I0Us asserted that DOE
should have considered the proportion of GSFL market share that these lampsireprese
and also included T12 lamps in its assessment, as these lamps would be covered by

standards for-2oot linear lamps. (CA IOUs, No. 32 at pp--12)

In assessing whether additional GSFL types should be included under coverage of
standardsn the preliminary analysisDOE evaluated the market share and energy
consumption of the lamp type relative to the entire lighting market®OE anal ysi s
provided a comprehensive representation of the lamp typthaerdergy savings

potentialof standardgor the lanp type In the NOPR, DOE also evaluated market share
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relative to the entire fluorescent lamp markeis&d on th2010LMC, T8 MBP lamps

less than 4 feet comprised 0.7 percent of the fluorescent lamp market versus 0.2 percent
of the entire lighting markef.herefore, the evaluatiaf these lampselative to the
fluorescent lamp marketisoindicates that 2oot MBP linear lamps have\eerylow

market share.

DOE excluded T12 lamps from this analysis to reflect future market trends. The
2011 final rde amending energy conservatistandards for fluorescent lamp ballasts
(hereafter t he,whihOvil fequBeaconmplasceé oN&/anber 44),
2014, set standards difficult for T12 ballasts to m&&6 FR 70548 (Nov. 14, 2011).
Thereforethe maketwill likely shift away from T12 lamps. Additionally, historical
shipments of most T12 lamps have been decreasing steadily and manufacturer feedback
from interviews suggests that this trend will continue. Therefore, DOE focused on T8
lamps when evaluatg theenergy savingsf additional GSFL types to include under

coverage of standards.

TheCA 10Us also asserted that in the 2010 LMC, T8 and T12 lamps less than 4
feet have GSFL market shares very similath®market shares ftinree other product
types currentlysubject toDOE standards: T8 lamps greater than 4 feet (1.4 percémg of
linear fluorescent market), T8-&haped lamps (2 percenttbtlinear fluorescent
market), and T12 t$haped lamps (0.5 percenttbélinear fluorescent market). (CA

IOUs, No. 32 at pp. 212; NEEA and NPCC, No. 34 at pp32

Y The full text and all related documents of the 2011 Ballast Rule can be found on regulations.gov, docket
number EERE2007-BT-STD-0016 atwww.regulations.gov/#!docketDetail;D=EERIDO7BT-STD-0016
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The standards for GSFL types citedtbg CA I0Us, specifically, the 2oot U-
shaped lamps,-®ot SP slimline lamps, andf8ot recessed double contact (RDC) HO
lamps, were establishét EPAct1992.(42 U.S.C. 6295(i)(D)As noted, for this
rulemaking, in determining whether additional GSFL types should be covered under
standards pursuant to 42 U.S.C. 6295(i)(5) DOE considers several criteria. In particular,
DOE assesses whether a potentialgaad for an additional GSFL type would result in
significant energy savings. Therefore, DOE examined parameters such as market share
and energy consumption of each lamp type under consideration relativeltmtbscent
lighting market. DOE believes thtnis evaluation of each potential additional GSFL
provides the most useful indication of whether significant energy savings could be gained

from regulation of the lamp type.

Stakeholders also cited data sourcesddition to the 2010 LM@hdicating hat
2-foot linear lamps should be included under coverage of standdrel€A 10Us
asserted thananecdotal survey from their lighting audit teams suggéso®linear
lamps may be 5 to 10 percent of lamps installeéi&éC A | OUs 6 s er khichce terri
is higher than suggested by the 2010 LM@e CA I0Us also reported that the vast
majority of commercial buildings in California have some-wetwo fixtures, and many
of these have been retrofitted fromstlaped to oot linear lamps within the laseveral
years, indicating a growing trend towardddt linear lamps over 4dhaped lamps. (CA
IOUs, Public Meeting Transcript, No. 30 at pp-32 CA I0Us, No. 32 at pp. 112)

NEEA and NPCGtated that they would submit field data to DOE asskertedhat
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currently available data indicateddbt linear GSFLs make up a notably larger fraction
of the market than the preliminary analysis suggests. (NEEA and NPCC, No. 34t pp. 2

3)

The CA IOUs and NEEA and NPCC referred to a Navigaahsulting, Inc.
(Navigant)study published in October 2012 that surveyed existing commercial and

industrial building stock in Vermonthe2011 Vermont Market Characterization and

Assessment Study The raw data from the Navigant study, obtained in May 2013 from

the state of Vermont by NEEP, shows thatnaire tharil36,000 lamps surveyedf@ot

lamps represented 6.3 percent of installed fluorescent lamps. This included 3.6 percent of
high performane T8s, 9.3 percent of standard efficiency T8s, 3.9 percent of T12s, and

5.2 percent of T5s. Behindfdot lamps, 2foot lamps were by far the most common

lamp length in these sectoiihe CA IOUs stated that 6.3 percent of fluorescent lamp

sales represemtsignificant amount of energy and, as explained in previous comments
submitted bythe CA 10Us, 2foot lamps are available in a wide range of efficacies. (CA

IOUs, No. 32 at pp. 212; NEEA and NPCC, No. 34 at pp32

NEMA, however, stated that the ZDLMC shovedalow market shark for
these productsvhich does nojustify standards for these lamg@BIEMA, No. 36 at p. 4)

Edison Electric InstituteHEI) statedts belief that 2foot linear lamps were mainly

18 Navigant Consulting, In011 Vermont Market Characterization and Assessment SBadgber 2012.
Available at

http://publicservice.vermont.gov/sites/psd/files/Topics/Energy Efficiency/EVT Performance Eva/VT%
0CI%?20EXxisting%20Buildings%20Market%20Assessment%20and%20Characterizatiorl 2012

6_FINAL.pdf
YDOE6s assessment indicated that the T8 MBP | amps | es
l'ighting market. NEMAOG s quotedtthis @aumber as d6Pepercenth ad i ncorr ect
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installed in task lighting applications. EE Public Meeting Transcript, No. 30 at p. 34)

GE advised that-foot linear lamps should not be included in the scope of this
rulemaking. While installing trelamps may be customary in California, GE stated that
they are not very common across theoratFurther, GE commented that DOE had
received shipment data in preliminary manufacturer interviews that showed the sales of
2-foot straight lamps to be significantly less than the salesfoddlamps. (GE, Public
Meeting Transcript, No. 30 at pp.-36) ASAP requested DOE make the shipment data
publicly available so stakeholders could determine the significance. (ASAP, Public

Meeting Transcript, No. 30 at pp.-38)

DOE did not receive shipment data specifically fdo@t linear lampsndbased
its asessment of market share and energy consumptawided inthe 2010 LMC report
and feedback received in manufacturer interviews. The anecdotal survey and the Vermont
study cited byhe CA 10Us are focused on very specific areas of the natbiie the
2010 LMC is the most recent assessment of installed stock and energy use of fluorescent
lighting at the national level'’he Vermont study collected primary data througtsibe
visits from a random selection of 120 commercial and industrial buildings iifispec
regions in VermoniTherefore, DOE found the 2010 LMC provided a more
comprehensive basis for its assessm&mipmparison of the installed stopkovidedin
the 2000 LMC repoff andthe 2010 LMC report showthatinstalled stock for both T8

and T12 &mps less than 4 feet has dedlibg about 50 perceradver that 16year period

20U.S. Department of Energil.S. Lighting Market Characterization Volume I: National Lighting
Inventory and Energy Consumption Estimeeptember 2002. Available at
http://appsl.eere.energy.gov/buildings/publications/pdfs/ssl/imc_voll_final.pdf
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DOE also received feedback from manufacturers in intervéatggthat 2foot linear
lamps both in the MBP and MiniBP categorieemprise a low market share that will
either stay the same or decline. Furthmanufacturers noted in interviews that thoat
linear lamps are generally used for kitchens, bathrooms, vanity lighting, hospitality

applications, cabinets, and to round out edges of ceilings in commercial spaces.

Given the aboveDOE finds insufficient evidence to indicate thiiie market
share or energy consumptionfoot linearfluorescentampswould result in significant
energy savingg DOE established standards for these lanlf3E is not proposing

standadsfor any additional GSFL types that are not currently covered.

2. Additional GeneralServiceFluorescent ampWattages
DOE specifies a certain minimum wattage for each lamp type included in the
definition of IniHislruemakiagbOEatst evdluateshethér
coverage should be extended to additional wattages of these lam4ypesS.C.
6295(i)(5) As part of this assessment, DOE reviewed product offerings for covered lamp
types to determine if any new, lower wattage productsdead introduced since
publication of the 2009 Lamps Rule. DOE found the followieduced wattagemps
not covered under standards: 49 W, 50 W, 51-408 SP slimline, 25 W4oot T5
MiniBP standard output (SO), and 44 W, 47 Wibét T5 MiniBP HO lampsDOE
currently covers oot SP slimline lamps with wattages of 52 W or morépet T5

MiniBP SO lamps with wattages of 26 W or more; aridek T5 MiniBP HO lamps with
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wattages of 49 W or more. Therefoirethe preliminary analysif) OE considezd

exterding coverage to the following GSFLs:

f 8f oot SP slimline |l amps with wattages O

1 4-footT5Mi ni BP SO | amps with wattages

1 4-footT5SMi ni BP HO | amps with wattages

These reduced wattage lamps geeerally more efficacious than their full wattage

counterpartaindoffer the potential for increased energy savings.

Philipscommented that a product is already highly efficaciou3QE does not
need to consider standards for the prod{ihilips, Pblic Meeting Transcript, No. 30 at

pp. 4445)

Theemergencef thesenewreduced wattage lamps on the madiate the 2009
Lamps Ruleand the number of product offerings indictitat there is significant
consumer demand for these lamps. Further, beaaaksiced wattage lamps are often
incentivized by utilities and promoted as an easy pathway to energy sdk@gare
likely to increase in marketshaieOE6s review of product
with these wattagegenerallyhave a range dfficacies. The lower wattages of these
lamps and their potential to achieve higher efficacies indicate thatlinglinese
wattages under energy conservation standangstha potential to realize significant

energy savings.

69

O 25
O 44
catal o



NEMA agreed with expandintpe GSFL wattages covered by this rulemaking,
but cautioned DOE thaeduced wattage SFLs are often fienergy sav
lamps do not have the same performance as full wattage GSFLs. Specifically, NEMA
stated that reduced wattage GSFLs havecditfy operating in lostemperature
applications and do not have full dimming functionality, a performance feature that is
highly desired considering the proliferation of dimming systems. (NEMA, Public

Meeting Transcript, No. 30 at pp.-23; NEMA, No. 36 ap. 4)

DOE acknowledges there are certain isse&ged to dimmingssociated with
fenergy savero or reduced wattage | amps. The
ensured that full wattage lamps can achieve the levels proposed for GSFLs. See section

VI.D.2.gfor further details on this issue.

C. IncandescerReflectorLampScope of Coverage

1. IncandescerRReflectorLampTypes

In this rulemakingDOE does not consider the following IRL types: (1) lamps
rated 50 W or less that are ER30, BR30, BR40, or ER40; (2) lamps rated 65 W that are
BR30, BR40, or ER40 lamps; and (3) R20 IRLs rated 45 W or less. (42 U.S.C.
6295(i)(C)) These IRLs are the subjectaeparate rulemaking on which further
information can be foundn regulations.gov under docket EERE2010BT-STD-0005

atwww.reqgulations.qov/#!docketDetail;:D=EERE10-BT-STD-0005 DOE ha

suspended activity on this rulemaking as a result of section 315 of Public Law (Pub. L.)
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112-74 (Dec. 23, 2011), which prohibits DOE from using appropriated funds to

implement or enforce standards for ER, BR, and bulged parabdéctoefIRLs.

2. IncandesceriReflectorLampWattages

In this rulemakingDOE also does not consider IRLs with wattages lower than
40. EPCA defines an incandescent reflector |
is 40 watts or HABY®E)eC)(i)pand (B)DOHB receivel sevefal2
comments on this lower limit on wattage for IRLs. EEI reported that highly efficacious
39 W halogen IRLs capable of replacing less efficacious 60 W IRLs are on the market.
(EEI, Public Meeting Transcript,d\ 30 at pp. 245) The CA 10Us considered the
presence of commercially available 39 W lamps to suggest that DOE should extend the
IRL wattage range covered. (CA 10Us, Public Meeting Transcript, No. 30 at p. 33) EEI
also note that the 39 W IRLs are close covered lamps in efficacy and serve as
replacements for IRLs of higher wattages, possibly increasing efficacy by 30 to 40
percent. (EEI, Public Meeting Transcript, No. 30 at pp338¥The CA I0Us responded
that in the California market there is a widege of efficacy for the 39 W products. (CA

IOUs, Public Meeting Transcript, No. 30 at p. 35)

GE stated that EPAct 1992 gave 40 W as the lower wattage limit for IRLs and
that this limit is appropriate. GE asserted that there was no need to cover ldtagewa
IRLs as they use less energy, and a market shift to them would still fulfill the purpose of
this rulemaking. (GE, Public Meeting Transcript, No. 30 at p. 36) ASAP questioned

whether DOE had the authority to cover lower wattages if the 40 W limiawas
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statutorily defined scope. (ASAP, Public Meeting Transcript, No. 30 at p. 39) NEMA
asserted thdiecausehe CFR stipulates coverage for 40 W IRLs and above, DOE does

not have the authority to expand the scope to lower wattages. (NEMA, No. 36 at p. 2)

NEEA noted that if the 40 W limit was statutory, it is doubtful DOE would
change it. However, NEEA found that a lower wattage limit is an increasingly less useful
way to describe coverage as technologies shift. Additionally, NEEA noted that a wattage
limit was notanappropriate qualifier for products subject to a Im/W standard that drives
products to use fewer watts to deliver a certain lumen output, such as a 20 W IRL that has
the same lumen outpasa 60 W IRL. NEEA commented thiathad seen a similahst
occur in the market for street lighting. (NEEA, Public Meeting Transcript, No. 30 at pp.

43-44)

As described by commenterthie 40 W limitis included in th&PCAdefinition
of IRLs. (42 U.S.C. 6291(30)(C), (C)(ii), and (F)) Therefore, proposedatds in this
notice apply only to covered IRLs 40 W or higher. Additionally, while the definition of
IRLs does not provide an upper wattage limit, DOE did not assess covered IRLs higher
than 205 Win this proposed rule. DOE research indicated that wattgigater than 205
W comprise a very small portion of the market anetypically designed for specialty

uses, and therefore, do not represartificant energy savings
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D. Summary of Scope of Coverage

In conclusion, in this rulemaking DOE is proposing extending the scope of
coverage for GSFLs to certain wattages but not additional GSFL types. Further, DOE is
proposing clarifying certain exemptions notetlert he def i ni ti on of fAgen:e
fluoresceat | amp. 0 DOE is not considering | RLs 1|e
and is also not considering the following IRL types: (1) lamps rated 50 W or less that are
ER30, BR30, BR40, or ER40; (2) lamps rated 65 W that are BR30, BR40, or ER40

lamps; and (BR20 IRLs rated 45 W or less.

VI. Methodology and Discussion

In the preliminary phase of this rulemakii¥)E conducted a market and
technology assessment, screening analysis, engineering analysis, product price
determination, energyse characterizatiohCC and PBP analyses, shipmeatslysis
and NIA, as well as a preliminary MIA. These analyses were then updated and asvised
appropriatédbased on feedback received for this NOPR. Furthehis NOPR DOE
conducted an LCC subgroup analysis, a compldfg B utility impact assessment, an
employment impact assessment, an emissions anaykatermination of monetization

of reduced emissions from proposed standard levels,raRtha

DOE usedhreespreadsheebbls to estimate the impact standardgroposed in
this NOPR The first spreadsheet calculates LCCs and payback periods of potential new
energy conservation standards. The second provides shipments forecasts and then

calculateNES andNPV impacts of potential new energy conservation standaius
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Department also assessed manufacturer impacts, largely through use of the Government

Regulatory Impact Model (GRIM).

DOE used a version of EI A6s National Ener
utility and environmental analyses. The NEMS model &tes the energy sector of the
U.S. economy. EIA uses NEMS to preparéAEO, a widely known baseline energy
forecast for the United States. The version of NEMS used for appliance standards
analysis is called NEM8T?, and is based on tifeéEO 2013versionwith minor
modifications. The NEMSBT accounts for the interactions between the various energy

supply and demand sectors and the economy as a whole.

NEEA and NPCC stated that analyses presented in the preliminary analysis phase
need further developmehefore stakeholders will be able to comment in depth. NEEA
and NPCC also offered to provide DOE field data from 22Q®3 on lamp and fixture
types from their Residential Building Stock Assessment (RBSA) and the survey data
from their Commercial Buildingt8ck Assessment (CBSA(NEEA and NPCC, No. 34
at p. 6)NEEA and NPCC strongly support the comments providetthé&¢A 10Us for

this rulemaking(NEEA and NPCC, No. 34 at p. 2)

The EIA approves the use of AEQwrsionofthe midBM&D t o descr
any modification to code or dat@ecause the present analysis entails some minor code modifications and

runs the model under various policy scenarios that deviateAEeGa s sumpt i ons, -Bfé name A NI
refers to the model as used here. (BFormareands f or DOEG¢
information on NEMS, refer tdhe National Energy Modeling System: An Overvj@OE/EIA 0581

(2009), available at: http://www.eia.gov/oiaf/aeo/overview/index.html.
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In the preliminary analyses, DOE assessed the products that are the duhjsct o
rulemaking, as well as the achievable levels of efficiency and their impacts. As noted,
DOE has updated these analyses with more recent data and, where appropriate, made
adjustments based on comments received from stakeholders in the prelimimhgsig ana
phase. DOE will also consider any additional data submitted by commenters in response

to the NOPR.

A. Market and Technology Assessment

In the energy conservation standards rulemaking process, DOE conducts a market
and technology assessment to provide an overall picture of the market for products
concerned. Based primarily on publicly available information, the analysis provides both
qualitative and quantitative information. The market and technology assessment includes
the major manufacturers, product classes, retail market trends, shipments of covered
products, regulatory and ngagulatory programs, and technologies that could be used to
improve the efficacy of GSFLs and IRU3OE identified severakchnology options

after conductinghis assessmeiur the preliminary analysis.

DOE received a general comment from NEMA on the market and technology
assessment questioning why a rulemgksjustified given the lackf technological
innovations an@&hanges since the 2009 Lamps Rule, the steep decline in GSFL and IRL
sales expected, as shown in DOEOGs projection

products a stay of enforcement frone tJuly2012standardst(NEMA, No. 36 at p. 6)
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As explained inl.A, EPCA directDOE to complete a rulemaking that examines
whethercurrentGSFL and IRL standds should be amended and if so, amend them as
appopriate based on its analysis. Further, in any rulemaking DOE must adopt standard
levels that achieve the maximum energy savings that is technologically feasible (see
chapter 3 of the NOPR TSD) and econcatiicjustified (see chapters 8 and 12 of the
NOPR TSD). Additionally, &enotedoreviously DOE understands that OHA has granted
numerous manufactureBsyearwaivers from standards for their 700 series T8 products
that expire in 2014Because standards finathis rulemaking would become effective in

2017, DOEconducts itanalysis assuming that the waivers will not be in place.

NEMA also addedhat whether there are any technological innovations that have
happened since the 2009 Lamps Rule is a validt pdidiscussion, but each potential
technology would have to be given the same level of rigor regarding whether it is a
feasible pathway or not. (NEMA, Public Meeting Transcript, No. 30 at ppl1T9%8
DOE examines the latest industry literatarglpatens, and receives feedback from
manufacturers to develop viable technology options that can increase the efficacy of
GSFLs and IRLs. The identified technology options are then subjected to rigorous
screening criteria before they can be considered as dg#ign®in the engineering
analysis (see sectiofi.B). For further details on the technology options and the

screening process, seespectivelychapters 3 and df the NOPR TSD.
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1. GeneralServiceFluorescent. ampTechnology Options

DOE received comments specific to the GSFL technology options put forth in the
preliminary analysis. Specifically, stakeholders provided feedback on higher efficiency
lamp diameterdyigher efficiency lamp fill gas compositiomndhigher efficiency

phosphors

Higher EfficiencyLamp Diameters

DOE considered more efficient lamp diametersrasaf the technology options
to increas&sSFLefficacy in thepreliminary analysis. fiis opion is considered as there
is anoptimum design diameter for a specific fluorescent lamp tiygecan increase lamp

efficacy.

NEMA stated that strictly speaking the reduction of lamp diameter does not
necessarily increase efficacy and that T5 and T®4aane already at their optimum
diametersFurther, NEMA and GE stated that the market has already shifted to the most
efficient diametergNEMA, Public Meeting Transcript, No. 30 at p{8; NEMA, No. 36
at p. 5 GE, Public Meeting Transcript, No. 30@. 71-72) While NEMA did not
believe higher efficiency diameter should be retained as a technology option, NEMA and
Philips requested additional <clarifying info

this option.(NEMA, No. 36 at p. 5Philips, PubliaVMieeting Transcript, No. 30 at p0O)/

In small diameter lamps, an increase in diameter decreases the number of

electronsandmercury ion recombination at the bulb wall, increasiticaviolet UV)
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output and lamp efficacy. In largkametedamps this recombination may already be

minimal anda further enlargement in diameter causes a greater imprisonment of radiation
within the lamp decreasing light output and efficadherefore, DOE understantgs
technology optiorshouldbe appliednly in cases whee there is a potential to optimize

the lamp diameter in order to achieve higher lamp efficacyBars e d on DOEO s
assessment there are less affiouslamps on the market that can be improved by using a
higher efficiency diameter. For example, standa@spliant T12 diameter product

offerings remain in the-fioot MBP and &oot SP slimline product class&herefore,

DOE continues to considargher efficiency lamp diameter as a technologgion to

increase the efficacy of GSFLs

Higher Efficiency Lamp Fill Gas Composition

Higher efficiency lamp fill gas composition was another technology option
identified in the preliminary analysis. Lamp fill gases in fluorescent lamps increase
mobility of mercury ions and electrons, facilitating recombinationrasdlting in
increased UV output and higher lamp efficacy. Gases with lower molecular weight, such
as argon, generally result in higher lamp efficacy. Full wattages generally use argon
gas. Reduced wattatgamps use mixture of krypton and argon. Krypton, while a higher
molecular weight gas, lowers the wattage of the lamp, thereby resulting in a higher lamp
efficacy. NEMA stated that GSFlasealready optimized for the tradeoff of argon and
krypton mixesand furtherefficacy gains are not possible using krypttdEMA, No. 36

at p. 14)
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Based on DOEOGsS resear ch annterviewsthel b ac k
typeand ratiosof fill gassremain amechanism to increase lamp efficaBgcause
lamps are present onglmarket at more than one level of edfig, DOE believesamp
fill gasis oneoption thatcanbe utilized to improve the efficacy of less eféicious
products. Therefore, DOE continues to considgher efficiency lampfill gasasa

means to improve thefficacy of fluorescent lamps covered under this rulemaking.

Higher Efficiency Phosphors

DOE also identified higér efficiency phosphors as an option for increasing
efficacy in GSFLs. The main purpose of phosphor in a fluorescent lamp is to absorb the
UV radiation and reemit it as visible radiatidm particulay the lamp efficacy can be
improved in this manner by usitigband phosphors containing rare earth elements
which cangreatlyincrease UV absorption and emission of radiation in the visible
spectrum relative to other phosphdrsresponse to this technology optitdEMA stated

that GSFLsarealready optimized forare earth phosphors. (NEMA, No. 36 at p. 14)

Based on DOEOGsS resear ch annterviewsthe b ac k
blend,weight and thickness afare earttphosphors in fluorescent lamps is a key element
in increasing théampefficacy.Because lamps are present on the market at more than
one level of effiecy, DOE believesigher efficiency phosphas one option thatan e
utilized to improve the efficacy of less efiidousproducts. Therefore, DO&bntinues to
considethigher efficiency phosphorasa means to improve the efficacy of fluorescent

lamps covered under this rulemaking.
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Summary of GSFL Technology Options

In summary, DOE has developed the list of technology options shoWabie

VI.1to increase efficacy of GSFLs.

Table VI.1. GSFL Technology Optionsn the NOPR Analysis

Name of Technology Option Description

Improved electrode coatings allow electrons to be
more easily removed from electrodes, reducing la
power and increasing overall igficy.

Highly Emissive Electrode
Coatings

Fill gas compositions improve cathode thermionic
emission or increase mobility of ions and electron
the lamp plasma.

Higher Efficiency Lamp Fill
Gas Composition

Phosphors increase the conversion of ultraviajét

Higher Efficiency Phosphors into visible light.

Coatings on inside of bulb enable the phosphors t
Glass Coatings absorb more UV energy, so that they emit more
visible light.

Higher Efficiency Lamp

Diameter Optimal lamp diameters improve lamp efficacy.

Phosphors emit more than one visible photon for

Multi -Photon Phosphors each incident UV photon.

2. IncandescerReflectorLampTechnology Options

DOE received comments specifacthe IRL technology options put forth by DOE
in the preliminary analysis. Specifically, stakeholders provided feedivaeKicient
filament placementigherefficiency inertfill gas, andintegrally ballasteddw voltage

lamps.

Efficient Filament Plagment

Efficient filament placement is enof the technology options presented in the

preliminary analysis that can increase the efficacy of IRLs. An optimally placed filament
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allowsa portion of the spectrum emitted by the filam@nfocus back onto it. Ae
additional heaprovidedto the filamenincreases theperating temperatuignd thereby

increases lamp efficacy.

NEMA disagreed that efficient filament placement should be considered a
technology option for improving efficacy. NEMA commented thatrfient placement
determines the beam spread of a lamp, which is considered a performance characteristic,
not a degree of efficacy. If the filament placement were changed to make a lamp more
efficacious, it would also change the beam spread, thereby alderinga mp 6s ut i | i ty.
(NEMA, Public Meeting Transcript, No. 30 at ppl-75) Understanding thagfficient
filament placementefersto the placement of the filament in mfrared (R) capsué,the
CA 10Us stated tat filament placement impathe amount of reflected radiation that
hits the filament, which in turn impacts the amount of light emitted by the lamp. (CA
IOUs, Public Meeting Transcript, No. 30 at A-&) GE responded that filaments must
be placed as close to the center of IR clgssas possible, and their placement has
already been optimized. (GE, Public MagtTranscript, No. 30 at pp. BPhilips noted
that manufacturers do not know how to place filaments any more precisely than they are
now, although there is manufacturingiagion. (Philips, Public Meeting Transcript, No.

30 at pp82-83)

DOE acknowledges that it is theoretically well understood where the filament
should be placed to achieve higher efficacy in IRLs. Additionally, the above comments

and feedback during maragturer interviews indicate that lamps are being designed so
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that the filament is placed in the most optimal position. Therebeeguse the optimal
filament placement design has been identified and is being applied in all commercially
available productd)OE proposes taot considerefficient flament placement as a

technology option.

Higher Efficiency Inert Fill Gas

DOE presented high efficiency inert fill gas a®#her technology option to
increase IRL efficacy in the preliminary analystfl gases such as krypton and xenon
have low thermal conductivity that decreases the convective cooling of the filament,
allowing for higher temperature operation and therefore higher efficacy. These gas
molecules are larger relative to other gases, and cem effectively slow down the
evaporation of tungsten and thereby extend the life of the lamp. Xenon, having even
lower heat conductivity and larger mass than krypton, can more drastically change
efficacy and life but hasa highercost. Most lamps compliamith the July 2012

standards use xenon as a fill gas.

NEEA and NPCC indicated that xenon fill gas should natdresidered a
technology option as it is already used in all, or nearly all, halbgead technologies,
including those at the lower end bktefficacy scale. Comparatively, there is an
approximately 3 percent drop in efficacy when using a fill gas like krypton, and
accordingly the market has clearly adopted xenon and uses it almost exclsiz&A
and NPCC, No. 34 at p. 2, Bhe CA 10Us also stated that their research indicated that

most, if not all,commercially available parabolic aluminized reflecteAR) lamps,
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including those that are lower efficaproducts or mimally compliant with the 2009
Lamps Rile, are already using xenonthasir fill gas.The CA IOUs, thereforeconcluded
that additional xenon would not be required to meet higher standg@al$OUs, No. 32

at pp. 910)

Based on feedback from manufacturer interviews, DOE confirmed that the
majority of coveredgstandardsonpliant IRLs are utilizingxenon.However,DOE also
learned thathe amount of &nhon used in lampan varybased orseveraffactors.Because
lamps are present on the market at more than one level @cgfficgher efficiency inert
fill gas is one optioniatcan be utilized to improve the efficacy of less eftious
products.Therefore, DOE continues to considkgh efficiency inert fill gas as a

technology option.

Integrally Ballasted Low Voltage Lamps

DOE also considered integrally ballasted low vgdtdamps as a technology
option in the preliminary analysi$he use of an integral ballast in an incandescent lamp
allows an increase in the efficacy becaus®imvertstheline voltage to lower lamp

operating voltageshereby reducing the lamp wattage.

NEMA stated that integrally ballasted low voltage lamps are not véalligh
wattagesand the technologig expensive and rarely used. Therefore, NEMA asserted
that this technology is for a niche product, and cannot be applied across the board.

(NEMA, Public Meeting Transcript, No. 30 at pl-75; NEMA, No. 36 at p. 7)
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While the technology is not appropriate for higher wattage prodbet€A 10Us
argued that it is still a valid design option feduced wattaglemps.The CA IOUs
explained that imalogen infrared reflectoH(R) lamps, making the filament a denser
target increases the amount of radiation that is successfully reflected biathemeby
increasing the lampfficacy. At line voltage, a higher wattage haadurner
incorporates a relativelyatge diameter filament; however a lower wattage capsule must
use a finer filament. For thekmwv wattagelamps, reducing the line voltage to low
voltage allows the use of a shorter, fatter filamesich isideal for HR technology.
While a lamp greater than 50 W is suited for line voltage and may operate at too high of a
temperature for an integral ballast, a lamp less than 50 W is better suited for low voltage
operation and run at temperatures compatible with anralttgnsformerParticularly
as halogen lamps are desgrto be more efficaciouwer reduced wattagproducts
will be more common; for this reasdhe CA IOUs envisioredintegrally ballastedow
voltage halogen products be the predominant desigtrategy for very high efficy

halogen products going forward. (CA 10Us, No. 32 at p. 9)

In interviews, manufacturers stated that the use of an integral ballast to lower
voltage is not a feasible technology in higher wattage lamps dssus with digpating
heat generated by the electronic componéwesiufacturers indicated thiagat
dissipationbecomes a probleat wattages ranging fro@0to 35W. DOE research also
indicated that in converting to a lower voltage, current is increased and gresdter he

generated from the filament. In higher wattage IRLS, the resulting increased temperature
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can be damaging to the voltage conversion circuiayther, based on manufacturer
interviews there are no covered IRLs that currently utilize this technologynopti
Because the lower limit of IRL wattages covered under standards is BO®B/is no
longer consideringntegrally ballasted low voltage lamps as a technology option for

improving lamp efficacy.

Higher Efficiency Burner

DOE did not consider a highetifieiency halogen burner as a technology option
in the preliminary analysis. DOE acknowledged that use of a dewloled burner in an
IRL can increase the efficacy compared to a shegided burner. Further, because
doubleended burners could not fit ingmnall diameter IRLsi€., diameters less than or
equal to 2.5 inches), DOE applied a 3.5 percent reduction when scaling efficacy levels
from large diameter lampg€., all diameters greater than 2.5 inches) that could utilize a
doubleended burner to small diameter lamps. (For further discussion on IRL scaling

factor see sectiovl.D.3.g and chapter 5 of the NOPR TSD.)

Based on further research and interviews with manufaciid&@® confirmed in
the NOPR analysis that a key aspect of higher efficiency IRLs is HIR technology.
Because the type of burner utilized is an importamponent of an HIR lamp ithis
NOPR analysisDOE is considering higher efficiency burners as a technology option to
increase IRL efficacySingleended burners feature a lead wire inside of the capsule that
carries current between the filament anddleetrical connection in thease of the lamp.

The presence of this wire inside of the capsule prevents a certain amount of energy from
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reaching the capsule wall and being reflected (recycled) back to the capsule filament.
However,doubleended burners ka a lead wire outside of the capstilat does not
interfere with the reflectance of energy back to the filament, altp¥ana more
efficacious lampHence DOE is proposindnigher efficiency burneias a technology

option thatcanincrease efficacy ofRLs.

Summary of IRL Technology Options

Of the IRL technology options presented in the preliminary analysis, DOE is no
longer considering integrally ballasted low voltage lampstashnology option. In
addition to the IRL technology options identifiedthe preliminary analysis, DOE is
proposing the inclusion of thegher efficiency burnemas a technology option. In
summary, in this NOPR analysis, DOE is proposing®ietechnology options listed in

TableVI.2.

Table VI.2. IRL Technology Optionsin the NOPR Analysis

Name of Technology Option Description

Operating the filament at higher temperatures, the
Higher Temperature Operation | spectral output shifts to lower wavelengths,
increasing its overlap with the eye sensitivity curvg

Texturing, surface perforations, microcavity holes
Microcavity Filaments with material fillings increasing surface area and
thereby light output.

More efficientfilament alloys that have a high
Novel Filament Materials melting point, low vapor pressure, high strength,
high ductility, or good radiating characteristics.

Thinner filaments to increase operating temperatu
Thinner Filaments This measure may shorten the operating life of thg
lamp.

Coiling the filament to increase surface area, thus

Efficient Filament Coiling increasingight output

Layersof micron or submicron crystallites deposite
Crystallite Filament Coatings on the filament surface that increases emissivity g
the filament
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Name of Technology Option

Description

Efficient Filament Orientation

Positioning (horizontal or verticathe incandescent
filament to increase light emission from the lamp.
Vertical orientation, used by majority of lamps,
allows for greater light emission.

Higher Efficiency Inert Fill Gas

Filling lamps with alternative gases, such as
Krypton, to reduce he@onduction.

Higher Pressure Tungsten
Halogen Lamps

Increased halogen bulb capsplessurization
allowing higher temperature operation.

Non-Tungsten-Halogen
Regenerative Cycles

Novel filament materials that regenerate.

Infrared Glass Coatings

When used with a halogen capsule, this is referre
as aHIR lamp.Infrared coatings on the inside of th
bulb to reflect some of the radiant energy back on
the filament.

IR Phosphor Glass Coatings

Phosphor coatings that cabsorb IR radiation and
re-emitit at shorterwavelengthgvisible region of
light), increasing the lumen output.

UV Phosphor Glass Coatings

Phosphor coatings thabnvertUV radiation into
longer wavelengthgvisible region of light),
increasing the lumen output.

Electron Stimulated
Luminescence

A low voltage cathodoluminescent phosphor that
emits green lighfvisible region of lightupon
impingementy thermally ejected electrons
increasing the lumen output.

Higher Efficiency Reflector
Coatings

Alternative reflector oatings such asilver, with
higher reflectivityincrease the amount of directed
light.

Corner Reflectors

Individual corner reflectors in the cover glass that
reflect light directly back in the direction from whic|
it came

High Reflectance Filament
Supports

Filament supports that include a reflective face tha
reflects light to another filament, the reflective facg
of another filament support, or radially outward

Permanent Infrared Reflector
Coating Shroud

Permanent shroud with dR reflectorcoating and a
removable and replaceable lamp can increase
efficiency while reducing manufacturing cobts
allowing IR reflector coatings to be reused

Higher Efficiency Burners

A doubleended burnethatfeatures a lead wire

outside of the capsule, where it does not interfere
with the reflectance of energy from the capsule wg
back to the capsule filamein HIR lamps.
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B. Screening Analysis

After DOE identifies the technologies that improve the efficacy of GSFLs and
IRLs, DOE conducts the screening analy$lse purpose of the screening analysis is to
determine which options to consider further and which options to screen out. DOE
consults wih industry, technical experts, and other interested parties in developing a list
of technology options. DOE then applies the following set of screening criteria to
determine which options are unsuitable for further consideration in the rulemaking (10

CFRPart 430, subpart C, appendix A at 4(a)(4) and 5(b)):

1 Technological FeasibilitypOE will consider technologies incorporated in

commercially available products or in working prototypes to be technologically

feasible.

1 Practicability to Manufacture, Instabnd Servicelf mass production of a

technology and reliable installation and servicing of the technology could be
achieved on the scale necessary to serve the relevant market at ttetime
standard comes into effe¢then DOE will consider that tecblogy practicable to

manufacture, install, and service.

1 Adverse Impacts on Product Utility or Product AvailabilifyDOE

determines a technology to have significant adverse impact on the utility of the
product to significant subgroups of consumerspaesult in the unavailability of

any covered product type with performance characteristics (including reliability),
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features, sizes, capacities, and volumes that are substantially the same as products
generally available in the United States at the timaill not further consider this

technology.

1 Adverse Impacts on Health or SafetfyDOE determines that a technology

will have significant adverse impacts on health or safety, it will not further

consider this technology.

Those technology options netreened out by the above four criteria are called
Adesign optionso and are considered as possi
engineering analysi®OE received several comments on technology options not
screened out and retained as design ogtimthe preliminary analysis for GSFLs and

IRLs.

1. GeneralServiceFluorescent.ampDesign Options

In the preliminary analysis, of the GSFL technology options identified, DOE did
not consider screening out higher efficiency lamp fill gas compositioglasdcoatings;
however DOE received several comments on these two design options. DOE did not
receive any feedback ahe other GSFL design optiamput forthin the preliminary

analysis.
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Higher Efficiency Lamp Fill Gas Composition

In the preliminaryanalysis, DOE determined that higher efficiency lamp fill gas
composition met the screening criteria and considered it as a design option. As previously
describedlamp fill gases such as argon increase mobility of mercury ions ancbekgct
facilitating recombinatiorandthereby increasing UV output anesuling in higher lamp
efficacy. Krypton is primarily used as a fill gas in reduced wattage lamps because it
lowers lamp wattage, therelnesulting in highetamp efficacy. NEMA noted that the
resultingreduced wattage lamps have issues with cold temperature applications,
striatiors, and dimmabilitydue to the use of kryptaandpointed out that these items are
performance characteristitgatshould be considered in the screening anal)&svIA
encourage DOE to explore the tradeffs to ensure theight balances obtained

(NEMA, Public Meeting Transcript, No. 30 at pf8-79)

Based on previous manufacturer feedh&RE is aware thahe presence of
krypton in reduced wattage lamps causes issuedamtp startingand striationsn cold
temperature applications below-66 °F.Feedback from manufacturers in intervidves
alsoindicated that problems encountered with dimniingar fluorescent lamps,
including lamp startingstriations and dropoytare exacerbated lithe use okryptonin
reduced wattage lampsrypton, which lowers the wattage of a fluorescent lamp, is the
primary fill gas used in reduced wattage fluorescent lamps. Based on feedback from
manufacturers the use of any amount of krypton will result in dimming issues and

increase with the amount of krypton.
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Philips noted that issues with dimming reduced wattage lamps could also be
related to the ballast as well as compatibility with the dimmer and IBhips further
noted that they had observed that a ldmfpast system would dim successfully in one
building but fail when put in a different buildin@hilips, PublicMeeting Transcript, No.

30 at p 225

Despite the issues with dimming and operation in cold temperatures, DOE has
determined that reduced wattage lamps using krypton can be foundroarktet in
various wattages. Feedback from manufacturers in interviews also indicates that reduced
wattage lamps comprise a significant portion of their GSFL shipments. Additionally,
consumers have other options, as more reliable dimming can be attamgtulsi
wattage lamps and fluorescent lamps designed to be operated in cold temperature

applications exist on the market.

Therefore, DOE has determined that higher efficiency lamp fill gas composition,
specifically in the form of krypton, meets the criteria of being technologically feasible
and practicable to manufacture as it is usetbmmercially available product®OE has
found no evidence to indicate it hadverse impaston health and safetidecause DOE
is considering standard levels that ensure the availability of both full and reduced wattage
lamps,DOE has determinetthat the use of this technology does not havadverse
impact on product utility or availabilityrherefore, DOE proposes maaintain higher

efficiency lamp fill gas as a design option for GSFLSs.
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Glass Coatings

In the preliminary analysis, DOE determined that glass coatings met the screening
criteria and considerethemas a design optioff.o increase the UV absorption by the
phosphors, thleampglass can be covered with an antireflective coating. This caatang
refractory oxide, such as aluminum oxide @), silicon oxide (SiQ), and titanium
oxide (TiQy) thatreflecs any UV radiation that passes through the phosphor back onto
the phosphor, allowing a greater portion of UV to be absothedeby increasing light
output and lamp efficacWNEMA stated that glass coatings should be screeneaksdhe
techniques are not feasible, which is the reason they are not already widely used.

(NEMA, No. 36 at p. 7NEMA, Public Meeing Transcript, No. 30 at pp. YO

DOE determined that most modern lamps utilize glass caahagminimize the
absorption bmercury and act as reflectors of UV radiatfdn undercoalayer,
preferably composed of aluminum oxide and a getter matexfedcts UV radiation that
has passed through the luminescent matefidde lamp baclonto the material for
increased visile light outputandalsoredu@sthe contaminants in the lamfy.patent
relevant to this technologyotes that such undercoating is a common feature of modern

fluorescent lamp&®

Because this technology option is being used in commercially available

fluorescent lamps, DOE considers it to be practicable to manufacture. DOE is not aware

*2DilLaura, D. L., K. W. Houser, R. G. Mistrick, and G. R. StefSNA Lighting Handbook: Reference
and Application, 10th EditiarNew York: IESNA, 2011

% Trushell, CharlesndLiviu Magean Method of manufacturing a fluorescent lamp having getter on a UV
reflective base coat).S. Patent No. 7,500,896 Bfled May 9, 2005 and issuedViar 10 2009
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of any evidence indicating that the technology has adversely impacted product utility or
health and safetyl.herefore, DOE proposes taaintain glass coatings as a desigharp

for GSFLs.

In summary, in this NOPR analysis DOE is proposiaglesign optiornhe
following GSFL technologies that have met the screening criteria:

1 Highly Emissive Electrode Coatings

1 HigherEfficiency Lamp Fill Gas Composition

1 HigherEfficiency Phosphors

1 Glass Coatings

1 Higher Efficiency Lamp Diameter

Seechapter 4 othe NOPR TSD or further detail®n the GSFL screening analysis.

2. IncandescerRReflectorLampDesign Options

DOE did not receive any feedback on IRL design optmridorth in the

preliminary analysis

Higher Efficiency Burners

As mentioned previously, in this NOPR analysis DOE is proposing the additional
technology option o& higher efficiency burner as a means to improve IRL efficacy.
DOE evaluatedhe higherefficiency burnetechnologyagainst thescreening criteria.

DOE found that higher efficiency burners, such as the dearided burnemrecurrently
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being utilized in commercially available lamps and have demonstrated that they are

technologically feasildl, practicable to manufacture, install, and sergit@a commercial

scale by the compliance date of amgendedtandardsand do not result in adverse

impacts on product utilitgpr availability, or health and safetfpOE acknowledges that

doubleended bumers cannot be used in small diameter lamps without changing the

physical shape of the lamp, which may impact whether the lamp can fit standard fixtures,

and thereby affect product utility. Therefore, DOE is proposing higher efficiency burners

as a desigoption only for IRLs with diameters greater than 2.5 inches.

In summary, in this NOPR analysis DOE is proposing as design options the

following IRL technologies that have met the screening criteria:

il
T

HigherTemperature Operation

Thinner Filaments

Efficient Filament Coiling

Efficient Filament Orientation

HigherEfficiency Inert Fill Gas

Higher Pressure Tungstéfalogen Lamps

Infrared Glass Coatings

HigherEfficiency Reflector Coating&vith the exception of gold reflector
coatings)

Higher Efficiency Burner

Seechapter 4 otheNOPR TSD or further detailon thelRL screening analysis.
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C. Product Classes

DOE divides covered products into classes(bythe type of energy used; (b) the
capacity of the product; or (c) other performanekated features that justify different
standard level|onsidering theonsumeutility of the feature and other relevant factors.
(42 U.S.C. 6295(g)n a general acmment,NEMA requested that DOE ensure CSLs do
not potentially eliminate utility from the markéNEMA, No. 36 at p. 20As noted,

when assessing factors for product class divisions, DOE considers consumer utility.

DOE received several commemnggardingproduct classes considered in the

preliminary analysis

1. GeneralServiceFluorescent. ampProduct Classes

In the preliminary analysi®OE considered product classes for GSFLs based on
the following three factorg1) CCT,; (2) physical constraints of lamjfise., lamp shape
and length)and(3) lumen packageDOE received comments regarding the CCT product
class division and a suggestion to establish a product class division basechomp 6 s
dimming functionality DOE did not receive feedback on the other product class divisions

put forthfor GSFLsin the preliminary analysis.

CCT
In the preliminary analysis, DOE considered C&adted in degrees Kelvin (K),

as a class setting factor, specifically, product clagseSSFLs with a CCT less than or
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equal to 4,500 K and a product class for GSFLs with a CCT greater than 4,500 K. NEEA
and NPCC noted that while DOE stated that GSFLs with a CCT greater than 4,500 K
show a decline in efficacy, DOE did not state the degfélee decline of efficacy,

whether it was consistent across manufacturers, or if the decline was inherent in the
phosphor mixes required to produce the higher CCT values. NEEA and NPCC noted that
they may support having a separate product class for lHraps, but that additional data

is needed(NEEA and NPCC, No. 34 at p. 3)

CCT is a measure of the perceived color of white light emitted from a TEmep.
lower CCTs correspond to warm light and are in the red wavelengths while the higher
CCTs correspontb cooler light and are in blue wavelengths. The human eye is less
responsive to light in the blue wavelengths and therefore, efficacy decreases in lamps
with higher CCTs. The phosphor blend used in
CCT. For examplethe use of rare earth phosphors results in light emitted at wavelengths
to which the human eye is most sensitive, thereby increasing the lamp efficacy.
Therefore, different phosphor blends in lamps achieve different CCTs. (See chapter 3 of

the NOPR TSDdr further details on fluorescent lamp technology.)

DOE determined through analysis and confirmed with manufacturers that lamps
with CCTs greater than®00K startshowng a decline in efficacyi-eedback from
manufacturers varied regarding the exadtaffy reduction correlated with CCT and
whether it was consistent across GSFL typ&€3E's evaluatiof catalog and

complianceefficacies for similar lamp typest different CCTdor various manufacturers

96



has shown that in gener#here is a reduction ithe range of 2 6 percent going from a
CCT of 4500K or less to a CCT greater tha/p@0K. (See sectioV1.D.2.h and chapter

5 ofthe NOPR TSDfor scaling tohigher CCT product classes.)

Therefore, becausmnsumers are afforded a different petmepof light at
different CCTs anefficacy is impacted with varying CCTBOE proposes to maintain
CCT as a product clasvision factor. $ecifically DOE is promsing to establisa
product clasef lamps with CCEless than or equal tg3D0K anda product classvith

CCTsgreater than 500K.

Dimming Utility

NEMA noted that DOE may not set standards that would eliminate full wattage
GSFLs because the Secreta may not prescribe standards fl
unavailability in the United States in any covered product type (or class) of performance
characteristics (including reliability), features, sizes, capacities, and volumes that are
substantially theamne as those generally available in the United States at the time of the
Secr et ar y@2d).SfCi 629 (o) B EMA emphasized that as dimmability and
uniformity of light (absence of flicker or striation) are all performance characteristics
highly desirable in the marketplace, they must be maintailddeVA, No. 36 at p. %

Further, NEMA stated that potential energy savings from dimming will be reduced or lost
if DOE eliminates full wattage 32 W GSFLs from the markdEMA, No. 36 at p. 15)
Lutron agreedthat elimination of full wattage lamps that are arditiad would also get

rid of dimming.(Lutron, Public Meeting Transcript, No. 30 at pp. 25)
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EEI noted that the increase of lighting controls requirements in building codes
such as those put out by American Society of Heating, Refrigerating and Air
Conditioning Engineers (ASHRAE) and International Energy Conservation Code (IECC)
means that dimmaliily is a performance characteristic necessary for operation in
commercial buildings(EEI, Public Me&ing Transcript, No. 30 at p. 780) TheCA
IOUs reiterated the importance of not eliminating dimming products from the market.
They suggested that if theeare two sets of products, one with dimming capability and
one with higher efficacy, there may be grounds to create separate product classes so that
covered products will comply with standards either by having higher efficacy or by

dimming.(CA I0Us, Pultic Meeting Transcript, No. 30 at pp35

DOE acknowledges that there are issues with dimming reduced wattage lamps
thatdo nottypically manifestin full wattage lampsDOE is aware that unreliable
dimming is in part due to the use of krypton asfilhgas in reduced wattage lamps
well as other factorgSeethe discussion on higheffiei ency lamp fill gas emposition
in VI.LA.1.) Therefore, DOE ignsurirg thatany proposed levelanbe net by full
wattage lampsBecauselte utility of dimming is being preserved in the existing product
class structurand for the analyzed standard ley&®©E is not proposingll gas that
allows for reliabledimming as a product class setting factor. (See se¢ti@n2.g and

chapter 5 othe NOPRTSD for the GSFL engineering analysis.)

Summary of GSFL Product Classes
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In this NOPR analysjPOE is proposinghe product classder GSFLs
summarized iMable VI.3. See chapter 3 ahe NOPR TSD for further details on each

GSFL product class.

Table V1.3 GSFL Product Classesn NOPR Analysis

Lamp Type CCT
. - 04,500 K
4-foot medium bipin
> 4,500 K
04,500 K
2-foot U-shaped
> 4,500 K
. L 04,500 K
8-foot single pin slimline
> 4,500 K
: 04,500 K
8-foot recessedouble contact high output
> 4,500 K
- - 04,500 K
4-foot T5, miniature bipin standard output
> 4,500 K
- o 04,500 K
4-foot T5, miniature bipin high output
> 4,500 K

2. IncandescerRReflectorLampProduct Classes
In the preliminary analysi§)OE consideregroduct classes fdRLs based on
the following three factorgl) rated voltage, separating lamps less than 125 V from
lamps greater than or equal to 125(®);lamp spectrumseparating lamps with a
standard spectrum from lamps with a nfiedi spectrumand(3) lamp diameter
separating lamps with a diameter greater than 2.5 inches from lamps with a diameter less
than or equal to 2.5 inchd30E received several comments on thedatatage class
setting factor. DOE did not receive feedban the other product class divisigng forth

for IRLs in this preliminary analysis.
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Rated Voltage

In the prelimnary analysisDOE considered rated voltage as a class setting factor
establishing a product class for IRLs with voltages leas125V and a product class for
IRLs with voltage greater thamr equal tal25 V.IRLs mainly come in rated voltagef
120 or 130. This product class division establishes two separate product classes for the

120 V IRLs and the 130 V IRLs.

NEEA and NPCC statethatDOE should maintain separate product classes for
lamps that are less tha@5V and those that are greater than or equak®V. They
indicated that if there were demand for 130 V lamps, it would be highly likely that
standards compliant 130 V laswould enter the market, as there is nothing inherent in

the standard levels that would eliminate 130 V lanidEEA and NPCC, No. 34 at p. 4)

Advanced Lighting Technologies (ADLT) agreed, pointing out that combining
lamps less thah25V and greaterttan or equal ta25V lampsinto one product class
would allow 130V lampson themarket that fall bel the July 2012 efficacy
requirement of 58”?"when operated at 120. ADLT gave the example that a 130 V 70
W lamp would be required to produce 19.5n/ W under DOBPHFdri@&sL 1
than 125 V lamps. Howeverperating the same 130, 70 W lamp in a 120/ socket
would result in lowering the wattage to 61\6and efficacy to 16.8n/W,?* which
equates t6.4P>%". Therefore a130V, 70 Wlampoperating at 12% would fall well

below theJuly 2012 requirement &8.97°%’. (ADLT, No. 31 at p. 2)

2 DiLaura, D. L., K. W. Houser, R. G. Mistrick, and G. R. Steff§8SNA Lighting Handbook: Reference
and Application, 10th EditiarNew York: IESNA, 2011
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Existing DOE test procedures provide for lamps rated at 130 V to be tested at 130
V and for lamps rated at 120 V to be tested at 120 V. However, B@&are that a large
number of consumers actually operate 130 V lamps at 120 V, which results in longer
lifetime but lower efficacy. With a single EL for lamps rated at each voltage, this
situation would effectively lead to a lower efficacy requirementiese 130 V lamps
run at 120 V, compared to 120 V lamps run at 120 V. The 130 V lamps would not require
the same level of technology as 120 V lamps to meet the same standard, and, thus, would
be cheaper to produce. Therefore, setting higher standan#_fowithout accounting
for voltage differences could result in increased migration to 130 V lamps instead of the
120 V lamps. When consumers operate these lamps at 120 V, they may need to purchase
more lamps to obtain sufficient light output, thereby@asing energy consumption.
Hence, in order to preserve energy savings, DOE proposes to maintain the rated voltage
class division that separates covered IRLs less than 125 V from those that are greater than

or equal to 125 V.

Summary of IRL Product Classe

In this NORR analysis, DOE is propositige product classsfor IRLs
summarized iMableVI.4. See chapter 3 ahe NOPR TSD for further details on each

IRL product class.
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Table V1.4 IRL Product Classesin NOPR Analysis

Diameter

Lamp Type (in inches) Voltage
0125V

>25
Standard Spectrum <125V
. 0125V

025
<125V
0125V

>25
Modified Spectrum <125V
R 0125V

025
<125V

D. EngineerindAnalysis

1. General Approach

The engineering analysis is generally basedanmerciallyavailable lamps that
incorporate the design options identified in thehnology assessment and screening
analysis (See chapters 3 and 4 of the NOPR TSD for further information on technology
and design options.) The methodology consists of the following steps: 1) selecting
representative product classes, 2) selecting askimps, 3) identifying more
efficacious substitutes, and 4) developing efficacy levels by directly analyzing
representative product classes #mehscalingthose efficacy levelt nonrepresentative
product classes. The details of the engineering aisadye discussed in chapter 5 of the
NOPR TSD. The following discussion summarizes the general steps of the engineering

analysis:

Representative product classBOE first reviews covered lamps and the

associated product classéghen a product has migte product classes, DOE selects

certain classes as firepresentativeodo and
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DOE selects representative product classes primarily because of their high market

volumes.

Baseline lampsFor each represeniee product classDOE seleda baseline

lampas a reference point against which to measure changes resulting from energy
conservation standards. Typically, a baseline model is the most common, least efficacious
lampsold in a giverproductclass. DOEalsoconsides otherlamp characteristics in

choosing the most appropriate baseline for gmobuctclasssuch as wattage, lumen

output, and lifetime

More efficacious substituteBOE selects higher efficacy lamps as replacements

for each of the baseke models considered. When selecting higher efficacy lamps, DOE
considers only design options that meet the criteria outlined in the screening analysis (see
sectionVI.B or chapter 4 of the NOPR TSD). For GSFLs, DOE pairs each lamp with an
appropriate ballast becaubgorescent lamps are a component of a system, and their

performance is related to the ballast on whieky operate.

Efficacy levels After identifying the more efficacious substitutes for each
baseline lamp, DOE develops ELs. DOE bases its analysis on three factors: (1) the design
options associated with the specific lamps studiedh@pbility oflampsacross

wattages to comply with the standéestel of a giverproductclass® and (3) themax

% ELs span multiple lamps of different wattages. In selecting ELs, DOHdesad whether these multiple
lamps can meet the standard levels.

10z



techEL. DOE then scales the ELs of representative product classes to those classes not

directly analyzed.

DOE received a general comment onmniethodologyusedin this rulemakingo
develop efficacy levels for both GSFLs and IRNEMA noted that additional
adjustments for variation of product performance for manufacturing and testing variations
must be afforded not only to compliance but to interpretations dispeld catalog data.
NEMA referredDOE to NEMA LSD-63 Measurement Methodshd Performance
Variation for Verification Testing of General Purpose Lamps and Systems for guidance
on proper application of statistical analysis for lighting prodybtEMA, No. 36 at pp.

11-12; Philips, Public Meeting Transcript, No. 30 at 434

DOE reviewed NEMA LSEG3 to determine whether additional adjustments due
to manufacturing and testing variation were needed based on the guidance provided in the
document. DOE determined that the guidares not applicable to the datasetilized
by DOE to conduct the analysipecifically lampmanufacturer catalog dadan d D OE 6 s
certification databas@®OE received feedback from manufacturers that catalog data
represents the long term average perforeasf products. In comparison, LSE3
provides guidance for comparing a small sample set of test data to rated catalog values
through statistical analysis to determine if the small sample set is part of the long term
rating distribution. Because the guidarprescribed in LSIB3 is relevant for small
sample sets and DOE is basing its analysis on catalog data rejpgeserg term

performance data, DO#@d not makeadjustments for variationsingthis guidance.

104



Further, as discussed in sectdhnD.2.a, DOE considersertificationdata
provided i n tdoddunsfordanation whersestablishing the minimum
efficiency requirements for each efficacy le\&y. accounting for the compliance
requirements when establishing efficacy levels, DOE incorpsmanufacturing and
testing variation and therefousesvalues representative of the energy use of the

products.

Stakeholders had several comments regarding the engineering analysis presented
in the preliminary TSD specific to GSFLs and IRLs. The following sections discuss and
address feedback received from stakeholders for each proddiEtrequests comment
on the werall methodology, assumptions, and results of the GSFL and IRL engineering

analyses.

2. GeneralServiceFluorescent ampEngineering

DOE received comments on the engineering analysis for GSFLs presented in the
preliminary TSD. Stakeholders provided feeclda on DOEG6s data approact
representative product classes, baseline lamps, selection of more efficacious substitutes,
lamp-andballast pairingsmax tech levelsCSLs, and scaling. The following sections
summarize the comments and responses received smtthpgcs, and present the

proposed GSFL engineering for this NOPR analysis.
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a. Data Approach
For the preliminary analysis, DOE considered commercially available lamps
when possible. DOE used performance data of the commercially available lamps
presented in manufacturer catalogs to identify potential baseline lamps and develop initial
efficacy levds. DOE calculatecfficacyasthe initial lumen output published in
manufacturer catalogs divided by tABISI rated wattage. For lamp types that do not
have a defined ANSI rated wattage, DOE wuti
catalogefficacy. However, DOE also analyzed publicly available data submitted to DOE
by manufacturers to demonstrate compliance with existing energy conservation

standard$® DOE adjusted efficacy levels to account for certification data when available

Usability of Certification Data andCatalogData

The CA I0Us noted statements made during the public meeting indicated that the
catalog data may not be precise as it is not subject to any reporting regulations and further
the certification database may be inaccuréltee CA I0Us asked that clarification be

provided regarding the data used in the GSFL analyas10Us, No. 32 at pp. 143)

TheCAlOUsalsonot ed that a | arge number of product

did not seem to have been included in thismaking analysis for GSFLk particulay
the CA IOUsnoted that there were about 20 or 30 products that are above\WGdm/
therepresentativd-foot MBP product class from about ten manufacturers including
MaxLite, Satco, PhilipsandWestinghousgas well asa product exceeding 100 v/

(CA I0Us, Public Meeting Tanscript, No. 30 at pp. 11415

®The publicly available compliance information for
Certification Database available hewayw.requlations.doe.gov/certificatiesatal
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GE suggested that because such high measurédvallies are not achievable
the issue may biatthe information in the certification database is gemsread or
there may be confusion among manufacturers about what exactly to repachin
column which could be sellting in false calculation$GE, Public Meehg Transcript,
No. 30 at p. 115pp.141) GE noted that manufacturdravequestiongending to DOE
regarding certification reporting. (GE, Public Meeting Transcript, No. 30 at ip.Thé
CA 10Us agreed with GE that there could be inconsistencies or confusion with which
values to report and encouraged DOE to look into these issues.f(@AdOUs Public
Meeting Tanscript, No. 30 at pp. 11B616) ASAP pointed out that there may be possible
enforcement issues if there are products in the certification database that-are non
compliant. (ASAP, Public Meeting Transcript, No. 30 at}$0) GE added that it could
be that the lamps are in compliance but the claims being made are aggressive. (GE,

Public Meeting Transcript, No. 30 at digtl)

NEEA disagreed that the certification database was being midi&&tA
recommended these of a consient set of datand requested general clarification on the
data utilized in the analysi€dNEEA, Public Meeting Transcript, No. 30 at @39-140)
ASAP asked if there is a discrepancy between catalog and certification values for
products(ASAP, Public Meting Transcript, No. 30 at pp. 8447 Philips explained
that values initially published in catalogs are based on a small set of samples and these
values change as the sample size increases and is more representative of manufacturing.

The initially publshed catalog values are eventually synched with values based on the



greater sample size but catal@geupdated only every two or three years. Further there
is some allowable difference between the marketed efficacy values and the certification

efficacy values.(Philips, Public Meeting Transcript, No. 30 at pp7-1148)

NEEA and NPCC stated that thagseunable to comment extensively on the
GSFL analysis due to DOEG6s use of catalog ef
instead of measured and/or ceetf values including using test data at appropriate test
conditions such as testingz °C (NEEA and NPCC, No. 34 at p. 2,18pting that
comments by manufacturers during the public meeting indicated that catalog and
certification values will be differg, NEEP as well aSEEA and NPCC recommead
DOE use measured and/or certified values for its analysis, and not use catalog values for
any part of the analysis. (NEEA and NPCC, No. 34 at p, REEP, No. 33 at p. 2)
NEEA and NPCC stated that once it ls@&n measured and/or certified values, it
suspected the range of lamp performance will be much narrower than presented in the
preliminaryanalysis(NEEA and NPCC, No. 34 at p. 2, SEEPstated thatvhile there
appear to be significant energy savingsG@FLs at CSLIDOEGs wuse of catal oc

putsthe accuracy of these estimatet® question(NEEP, No. 33 at p. 2)

DOE understands the concerns raised by stakeholders regarding the difference
between catalog and certification values and their subsequent recommendations to utilize
certification dataAt t he ti me of the preliminary analy:¢
consisted of data for only 38 percent of covered GSFesase not all commercially

available producthad associated certification data, D@Esunable to rely solely on
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certification datan the preliminary analysig\t the time of the NOPR analysis, BE® s
certification database contained data for 68 percent of the covered commercially
available lamps. While this was an increase from the preliminary analysis, it still did not
represent a comprehensive dataset on which to base an engineering arradyefisre

in this NOPR analysis, DOE again utilized catalog data to identify baseline products and
develop initial efficacy levelsThis approach ensured consideration of all available
products DOE then usedvailablecertification data to adjust the initiefficacy levelsjf
necessarythereby ensuring that the proposed levels can be met based on the certification

values submitted by manufacturers to demonstrate compliance with standards.

Wattage

The CA I0Usasked why [@E is using ANSI rated wattage calculate efficacy
when the certification database $ispecific wattages for products. (CA IOUs, Public
Meeting Transcript, No. 30 at pp6)9The CA IOUs stated that using a rated wattage of
32.5W gives a expecteaverageefficacy and recommenddooking at whether lamps
are performingat different level®of efficacy than projectednd settindpbaselines and
standardsiround more measured data rather than a rated wattage. (CA I0OUs, Public

Meeing Transcript, No. 30 at p. 1P0

NEMA notedthe rated wtage is based on a very large number of samples that
areaveragd out andmanufacturers produce lamps to fafl and around that point.
Therefore, thandividual lamp teted wattage will differ from thisated value of that

lamp. NEMA stated that it would deferits membersbut in general it supported using



the ANSIrated wattage rather than the measured wattage. (NEMA, Public Meeting
Transcript, No. 30 at pf@8) GE did not think industry had a firmopition on the issue,
recognizing different wattages can be used. (GE, Public Meeting Transcript, No. 30 at pp.

99-100; NEMA, Public Meeting Transcript, No. 30 at [§8-99)

For the preliminary analysis and the NOPR analysis, DOE used catalog data to
dewelop initial CSLs and ELs and assessed certification data to make any adjustments to
thelevelsAs noted, DOEOG6s certification database
GSFLs therefore, the measured wattages of all commercially available coveresldaenp
not readily accessiblé&dditionally, DOE identified inconsistencies with the values
reported for wattage, specifically in some cases nominal wattagdéereported rather
than the measured watt ag@€&herefore, &Eiginad cer ti fi ca
previously, DOE used manufacturer lamp catalogs to establish initial CSLs in the
preliminary analysisind ELs in the NOPRTo determine catalog efficacies, DOE used
catalog lumemutputand ANSI rated wattage instead of the nominal wattage provigded b
manufacturers in catalogs. ANSI rated wattage is the result of standardized ANSI testing
and represents an industry agreed upon wattegexplained by NEMA. lin ANSI
standard did not provide a ratedttage for a lamp type analyzed, efficacy was

calaulated using the nominal wattage.

For the assessment of certification values, DOE used the reported values for
efficacy, whicharebased on measured lumen output and measured wattage as specified

NDOEGs test procedur es f 0430, sbip&rtiBsapmerdix Rf or t h 2

11C



Utilizing ANSI rated wattage to calculate catalog efficacy and reported efficacy for
developing final efficacy levels eliminates the uncertainty associated with the wattages

reported for compliance.

UsingData at 2D eqgree<elsius

NEMA stated that DOE should conduct all its analyses, payback and feasibility
eqguations based on data referenced to and measw®d@tnot35 °C otherwise
resul ts wild/ be skewed becadaBrGferceeainf i ci ency c a
products made (optimized) for those conditions. NEMA nbtddat DOEOGS test prc
existing and previous rules, as well as reporting and cataloggbussdata. (NEMA,
No. 36 at p. 18NEMA, Public Meeting Transcript, No. 30 atJ27) GE noted tht
discussions during the 2009 Lamps Rule had concluded that TS lamps should be tested at
25 °Cas currently done by labs because testing becomes very unreliabléGt
Therefore, it is not appropriate to have awrével based o5 °C (GE, Public Meting
Transcript No. 30 at pp. 890) Philips statethat lamps for which efficacy values are
provided aB35 °Coperating temperature in catalogs are particular amalgam lamps that
were designed specifically for that environment. (Philips, Public Meetiags€ript, No.

30 at p.127)

In the preliminary analysis, DOE developed efficacy levels based on performance
at 25 °C because the DOE test procedure for GSFLs requires the lamps to be tested at 25
°C, including T5 lamps. However, because all manufact@@notprovide lumen

output data at 25 °C for T5 lamps in their catalogs but do provide it at 35 °C, DOE
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developed initial efficacy levels based on 35 °C catalog data for T5 lamps. This allowed
DOE to evaluate performance for @b lamps based on dateopided bymanufacturers

at the same operating temperature. As noted, because the DOE test procedure used to
determine compliance with standards requires GSFLs to be tested at 25 °C, DOE adjusted
the initial efficacy levels to reflect operation at 25 °@.do this, DOE utilized

information in lamp manufacturer catalogs that progiderformance characteristics for

lamp operation aboth25 °Cand 35°C. In cases where this information was not

available, DOE adjusted the 35 °C data to reflect lamp operation at 25 °C. Specifically,
when operated at 25 °C, the lumen output of T5 lamps is approximately 10 percent lower
than the lumen output of such lampsenftoperated at 35 °€or this NOPR analysis,

DOE has maintained this approach and develebechcy levels based on performance

at 25 °C

DecimalUsage folm/W

Philips stated that théSLsanalyzed in the preliminary analysieeto the tentk
decimal place which provides an artificial measure of accuracy that doesn't even exist and
Phi | i p shinkitccendeneasured accurat€Bhilips, Public Meeng Transcript,
No. 30 at p. 146Regarding thitcommenthat reporting IV to one signiicant digit is
not conducive to repeated and reliable measurenteetSA 10Us statedthe rulemaking
must adhere to the existing DOE test procethaé calculates an efficacy value using a
specific sample size and confidence limit proced{@é IOUs, Pilic Meeting

Transcript, No. 30 at pd49-151)
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As specifiediDOEG6s test procedures for GSFLs
subpart B, appendix,Ramp efficacy is the ratio of measured lumen output in lumens to
the measured lamp electrical power input in watts rounded to the nearest tenth in units of
lumens per wattn the 2009 final rule for the GSFL and IRL test procedure, DOE
amended the teprocedure to require reported efficacy measurements for GSFLs to be
rounded to the nearest tenth of a lumen per watt allowing for future energy conservation
standards to be rounded to the nearest tenth of a lumen perdavaR. 31829, 31836
(July 6, 2009) DOE concluded this amendment to the test procedure was feasible
because manufacturers routinely generate test results that would allow reporting to at
least the tenth of a lumen per watt level. 74 FR at 31836 (July 6, 20@9gfore, DOE
is analy2ng efficacy levels in this rulemakingbunded to the nearest terha lumen per

watt as DOE maintains that this is an achievable level of accuracy

UsingHigh FreguencyTl estData

According to NEMA in recognition of the marketplace shift to electroniahhig
frequency (HF) ballasts, the American National StandastguteLighting Group has
drafted new standards for the electrical and photometric characterization of GSFL T8
lamps that are based on HF rather than the former low frequeridy @derence
balasts. When these new standards are publishedna&2@d.3 the industry will comply
and begin characterizing their products usingbdBed photometryNEMA, No. 36 at p.
2) NEMA also stated that current test procedures unfairly compare esavgy lamp to
standard lamps, owing to the removal of cathode heat voltage from the-effengycy

calculation of energgaver lamps, thus they cannot be compared without unfairly
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skewing the numbers in favor of lewattage lampgHigh frequency measurement
stardards account for this difference. (NEMA, No. 36 at ppla%Therefore, NEMA
recommends that this rulemaking should be based on the newH¥N§&andards.

(NEMA, No. 36 at p. 2)

The current GSFL test procedwa® specified i10 CFR part 430, subpart B,
appendix Requires lamps be tested at low frequency unless only high frequency ballast
specifications are available for the lamp. The test procedure also specifies that for high
frequency testing, cathode heat should not be used when the lamp is troopBRE
acknowledges that high frequency reference specifications may be in development for
additional lamp typeand may considestandards based on high frequency operation

after ANSI publishes the revised industry standard.

700 SeriesWaiver

NEMA also noted that 700 series lamps are under the U.S. Office of Hearings and
Appeals (OHA) compliance waivers from the July 2012 standards. Therefore, their
performance and market changes are still several years away from being {dBMA,

No. 36 at p1)

In April of 2012, several manufacturéfsvere granted exception relief exempting

their 700 series T8 lamps from the July 2012 standards for a period of two years. The

27 At the time of this analysis, the following manufacturers had been granted exception relief exempting
their 700 series T8 lamps from current standards: Philips, GE, OSI, Ushio America, Halco Lighting
Technologies, Premium Quality Lighting, Inc., Tailodgdhting, Inc., Litetronics International, Inc., Satco

114



waiver was granted due to the global supply restrictions on rare earth pho#iphors,

rising world demand of these phosphors, and the resulting impacts on producing higher

efficacy GSFLS® Because this waiver will expire in 2014, and any standards adopted by

this rulemaking are expected to require compliance in 2017, DOE has conthisted t

analysis for GSFLs assuming that the waiver would not be in pfatéas therefore not

considered nowompliant 700 series lamps initsanalyBiOE not es t hat t he t
serieso is widely wused in indusCRImthevhen r ef e

range of 70 to 79. See sectidrA for the proposed definition of a 700 series lamp.

b. Representative Product Classes

When a covered product has nipl# product classe®OE identifiesand selec
certain product classes as representaneanalyzes those product classes diredBE
chooses these representative product classes primarily due to their high market volumes.
For GSFLs, in the prelimimg analysis DOE identified all GSFLs with CCTs less than or
equal to 4,500 K with the exception of théodt U-shaped lamps as representative
product classes as shown (in grayyableVI.5. NEMA agreed with the representative

product classes presented for GSFLs. (NEMA, No. 36 at p. 7)

Products, Inc., DLU Lighting USA, Westinghouse Lighting Corporation, Ascent Battery Supply, LLC,
Eiko, Ltd, Topaz Lighting Corporatioi echnical Consumer Products, Feit Electric Company

28 philips Lighting Company, et aDHA Case Nos. EX2-0001, EXG12-0002, EXG12-0003 (2012).
Accessible herehttp://energy.gov/sites/prod/files/oha/EE/EX2-0001thru03.pdf
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Table VI.5. GSFL Representative Product Classe

Lamp Type CCT
: - 04,500 K
4-foot medium bipin
> 4,500 K
04,500 K
2-foot U-shaped
> 4,500 K
: o 04,500 K
8-foot single pin slimline
> 4,500 K
: 04,500 K
8-foot recessed double contact high output
> 4,500 K
- - 04,500 K
4-foot T5, miniature bipin standard output
> 4,500 K
- N 04,500 K
4-foot T5, miniature bipin high output
> 4,500 K

NEEA questioned whyione of the products with CQjreater than 4,50Q were
being directly analyzed and noted that at least one shewdsessed in order to ensure
the analysis is accounting for the magnitude of difference between greater than and less
than or equal to 4,500 CCT products(NEEA, Public Meeting Transcript, No. 30 at p.

89)

As noted previously, DOE chose representginaluct classes based on high
market volumes. DOE received feedback from manufacturenserviewsindicating
that the volume of lamps with CCT greater than 4,500 K is considerably lower than the
volume of lamps with CCT less than or equal to 4,50hkaddition, DOEIsed
manufacturer feedback and catalog data to quantify the difference in performance
between lamps with higher CCTs and lamps with lower CCTs. For these reasons, DOE
did notdirectly analye lamps with CCT greater than 4,500rKthe prelminary analysis

and this NOPR analysiBOE scaled the directly analyzed product classes with CCTs
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less than or equal to 4,500 K to those with CCTs greater than 4,500 K in the preliminary
and NOPR analyseSee sectiov1.D.2.h and chapter 5 of the NOPR TSD for further

information.

EEI stated it thought that thef@ot U-shaped lamps would have sales comparable
to some 6the other product classes. EEI also did not agree with determining the
efficiency standardbr the 2foot U-shaped lamps using tHefoot MBP lamps as a

proxy. (EEI, Public Meeting Transcript, No. 30 at p-&3)

In the preliminary analysif)OE utilized the 4foot MBP linear fluorescent
products to scale to thef@ot U-shaped products, as both products use the same
fluorescent technology, span the same range of wattages, and, without its bent curve, the
2-foot U-shapedampwould be approximately thesie length as thet#ot MBP linear
lamp. Thus, DOEauld determine impact on efficacy from the bent curve and scale from
the 4foot MBP product class:urther,the market share oftfdot U-shaped lamps is
significantly lower than 4oot MBP lamps. As inaiated in the LMC, T8 4oot linear
lampscomprise 44 percent of all linear fluorescent lighting, whereasf68taJ-shaped
lamps make up just 2 percemherefore, in this NOPR analysBOE did not directly
analyze the 2oot U-shaped lamps argtaled Els from the 4foot MBP product class to
the 2-foot U-shaped product class. See sectidiD.2.h and chapter 5 of the NOPR TSD

for further information.



c. Baseline Lamp

Once DOE identifisthe representativeroductclasses for analysig,selecs
baseline lampsotanalyze in each clasBypically, a baseline lamp the most common,
least efficacious lamfhatjust meets existing energy conservation standdfds.
fluorescent lamps, the most common lamps were determined based on characteristics
such as wattage, lumen output, lifetime, and Clidentify baseline lamps, DOE
reviewsproduct offerings in catalogs, shipment infotima, and manufacturer feedback

obtained during interviews.

In the preliminary analysis, DOE considered commercially available lamps as
baselines. In some cases, the most common, least efficacious commercially available
product was at an efficacy above the existing standard level fisakygi for the 8foot
RDC HO, T5 MiniBP SO, and T5 MiniBP HO product classes, DOE was unable to
identify a commercially available product at the existing stanga. DOE received
several comments regarding the selection of these lamps with effibaghes than the

existing standartevels as baselines.

NEMA stated that the arguments for baseline, CSL 0 iptakminaryTSD, are
based on pradtions of market shift thagrroneouslyustify a new baseline higher than
the minimum requiremenfsutforth by the 2009 Lamps RuléNEMA, No. 36 at p. 1)
NEMA questioned why the basels#or product classeserenot set athe standardevel
adopted in the 2009 Lamps Rule. (NEMA, Public Meeting Transcript, No. 30 a{pp. 8

85) The CA I0Usrecommended DOHEse the efficacy levels set in the 2009 LaRple

11¢



as the baselines for all GSFL product classes because minimum product performance
generally gravitates to the minimum standards set for the prd@#ciOUs, No. 32 at p.
13) GE concurred, stating th#the market willmoveto lamps at that level due to the cost
of rare earth material¥herefore, GE asserted that ieigsy to make the assumption that
lamps will gravitate towards that minimum level over time and that that should be the
analysisgoing forward over the nexix to ten yearGE, Public Meeting Transcript,

No. 30 at pp93-94)

NEEA and NPCQGgreedhat DOE should use products that minimally comply
with existing standards as baselines andwioigld be validated by the measured and/or
certified values(NEEA and NPCC, No. 34 at p. 1, The CA I0Us also notedhat the
certification database shows that there are products right at the level, particularly for the

4-foot MBP class. (CA 10Us, PubliMeeting Transcript, No. 30 at pp. $8)

As noted previously, DOE assessesimercially availabl@roducts on the
market and chooses baseline lamps representative of the common characteristics within
that product class and just mesaistingstandardsHowever, feedback from stakeholders
and manufacturer intervievmsindicated that manufactuewill likely produce lamps
at the existing standatevel even if no products are currently availaBlerther, after the
2009 Lamps Rule, DOE observed the idtrotion of products that were not previously
available at the newly adopted standard levels for some product classes. Thus, DOE
believes this trend could continue and additional lamps may be offered that just meet the

existing standartevel for the remaiimg product classes.



Therefore, in this NOPR analyddOE is proposing baselines at the existing
standardevels for all product classeBor the 4foot MBP product class, DOE
determined the baseline selected in the preliminary analysis to be thefiegsitef
product on the markeit theexisting standards. For thef@t SP slimline product class,
DOE alsochanged the baseline lartgpbe thdeast efficienfproduct on the markeit the
existing standard$-or representative product clasgesvhichthere were no
commercially availabléamps at the existing standdevel, DOE modeled baseline
lamps. To determine the performance characteristics of these lamps, DOE tAdlSthe
rated wattage of the most commdegst efficacious commercially availablenpand
calculated the lumen outpregquired to develop an efficacytae existing standairével.
DOE assumed the modeled baseline lamp would siaviéar characteristicas the most
common commercially available lamps in each product claskiding lifetime and
lumendepreciationDOE modeled baseline lamps for théo8t RDC HO, T5 MiniBP

SO, and T5 MiniBP HO product classes.

If DOE considered additional types of GSFLs in the scope of this rulemaking,
NEEA and NPCGecommended that for product classes that do not currently have a
standard, DOE should establiste baseline @he lowest level of efficiency commonly
found in the marketplac@EEA and NPCC, No. 34 at p. 1, W) this NOPR analysis,
DOE is not considéng additional types ofsSFLs thatare not subject tetandard. See

sectionV.B for more details.
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NEEP noted that th2011 Vermont Market Baracterization andssessment

Studyconducted by Navigant for Vermontds Publi
previously in this noticegstablisedb as el i nes f or certain product
commercial sector. NEEP urged DOE to utilize the fluorescent lighting datatedltec

corrobor ate (NEERMNs.3Fatm3)i ngs.

DOE reviewed the study and found thgiven the level of detail provided, it was
di fficult to use the results to cetoroborate
characterize the prevalence of T8 lamps, high performance T8 lamps, T12 lamps, and T5
lamps in the state of VermoMhile it provides market share information for standard
T8s and high performance T8sdies not providéhis informationby level ofefficiency
for T5 lampsFurther,the lengths of these lamp types are not included, and thus DOE

was unable to compare the results on a product class basis.

When considering general overall trends, the study coeéithat T8 lamps are
significantly more prevalent than T12 lamps, and T8 standard efficiency lamps are more
commonly installed than high performance T8 lamps. These high level results support
certain aspects of the baseline selections, namely the seldcti8rstandard
performance lamps at the baseline. Howgther study covers a very limited service area
and therefore cannot be regarded as indicative of the most commonly installed lamp types

at a national level.
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DOE is proposing the baseline lamps f@khs specified iTableVI.6. See
chapter 5 of the NOPR TSD for further details on this assessbD@&trequests
comment on the baseline lamanalyzed in the NOPR algsis, in particular the modeled
baseline lamps in thef®ot RDC HO, T5 MiniBP SO, and T5 MiniBP HO product

classes.

Table VI.6 GSFL Baseline Lamps

29 =R - 2 = X cZ c

o 5|SE8| 28 & faley SO35| 8235 | o SH)

20 ac|EE| Z8E I SES|oES| =9 £ a0 —

o5 E2| o8| <x$ g |[E33|(=233| T | =&

g3 gE|lz3 = = O o )

58 |7®

x o W w Im/W Im Im hr hr
4footmBP | T8 [ 32 325 89.2 2900 | 2,725 | 24,000 | 40,000 | 83
Z.fr?fﬁﬁfp T8 | 59 60.1 96.5 5,800 | 5,220 | 24,000 - 80
ﬁ'g"’t RDC | 15| 86 84.0 92.0 7728 | 7342 | 18000| - ;
o T e | T8 | 28 | 278 86.0 | 23901 | 2223 | - | 30000] -
‘I\‘/'”fgioég 5H o | T5 | 54 53.8 76.0 4,089 | 3884 - 25000 | -

* 4-foot T5 MiniBP SO and HO rated efficacy, initial lumen output, and mean lumen @itputat 25 °C.
** Rated efficacy is catalog initial lumen output divided by the ANSI rated wattage.
A Initial l umen output is a lampbés | ight out
y Mean | umen output is a measurléofafamp.i ght ou
d. More Efficacious Substitutes
DOE seled moreefficaciousreplacements fahe baseline lamps considered
within each representative product cld3©E consides only design options identified in
the screening analysi the preliminaryanalysis, hese selections were made such that

potential substitutions maintained lighitput within 10percentoft he basel i ne | amp

light outputwith similar performance characteristjogshen possibleDOE also sought to
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keep other characteristics aftsstitute lamps as similar as possible to the baseline lamps,
such as rated life, CRI, and CAm.identifying the morefficacious substitutes, DOE
utilized a database of commercially available lanf3E received comments regarding

its choices for moreficacious substitutes in the preliminary analysis.

T5 HO Product Class

For the preliminary analysis, in its assessment of commercially available
products, DOE was unable to find a full wattage T5 HO lamp with an efficacy higher
than the baseline. Howex, DOE did find several more efficacious, reduced wattage T5
HO lamps at higher levels of efficacy. As discussed in sedtidh2.e, DOE is only
analyzingefficacy levels that can be met by full wattage lamps. Therefore, in the
preliminary analysis, DOE modeled a more efficacimlisvattageT5 HO lamp.
Specifically, DOE created a higher efficacy model lamp usimgie efficacious
commercially available reducedattage T5 HO lamfo calculate the characteristics of a
full wattage T5 HO lamp of comparable efficacy. The CSL considered for the T5 HO

product class was set according to the efficacy of this modeled full wattage lamp.

DOE received several comments regarding this approdeRlA stated that it
could not comment on the manufacturability or functionality of the TS HO model lamp
put forth in the preliminary analysis because the product does nqtadst is poor
practiceto invent new product§NEMA, No. 36 at p. SNEMA stated that if DOE is
unable to use a commercially available lamp for analysis for this product class it should

not pursue an increased efficiency levwever, n the case that DOE does intend to
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further regulate this product cladE=MA stated DOE should arrange for the construction
and testing of a representative number of this modeled lamp to obtain information on
manufacturing feasibility. (NEMA, No. 36 at p-9 Philipsagreed, stating th&@OE is
designing and inventing new lamps and it is not kmewhether they are even feasible.
This approach could potentially resinta product class where there are no products

available (Philips, Public Meehg Transcript, No. 30 at p. 14

GE stated it lad to get more information but noted that its engineers had
significantconcerns regarding the T5 MiniBP HO model lamp andipke efficacy of
themax tech levebeing considered for this product class. Noting that it had not seen
DOE take this approactefore, GE stated that DOE seems to be going frérafficacy
levels that are relatively easy to meet to efficacy levels that may not even be technically

feasible. (GE, Public Meeting Transcript, No. 30 at p-126)

In the preliminary analysis, DOE cdnded that the higher efficacy level
achieved by reduced wattage T5 HO lamps demonstrated the potential for a full wattage
lamp to achieveraefficacylevel above the baseline. Accordingly, DOE modeled the
lamp efficacy of a higher efficacy full wattagenip using commercially available
reduced wattage lamps. DOE acknowledged in the preliminary analysis that i
determining whether it is appropriate to consider a CSL based on this model lamp, DOE
would gather additional information on the manufacturabdity functionality of this
lamp, as well as its projected efficacy, when measured according to the DOE test

procedureDOE does not have theecessary information to determine whether the higher
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efficacy full wattage T5 HO model lamp was technologicallgifela, andherefore is

not considering thaigher efficacynodeled T5 HO lamp in the NOPR analysis.

As noted previously, in response to the stakeholder comments discussed in section
VI.D.2.c, DOE modeled a baseline lamp for the NOPR analysis because the T5 HO
product class does not have a commercially available lamp that just meets the existing
standardBecause there are full wageproductsthathave demonstrated efficacy higher
than theexisting standard)OE believegshe modeled baseline lamp is feasible. Based on
this new baseline, in the NOPR analysis DOE was able to idemfyre efficacious full
wattage T5 HO substitute thatcommercially availableThe more efficacious THO

lamps are shown imableV1.7.

Lifetime Characteristics

NEEP stated that Energy Efficiency Program Administrators from Efficiency
Vermont and National Grid noted that the rated life values for the lamps DOE has
identified as more efficacious substitutes (fdodt MBP) are lowThey specifically
pointedoutthn, GEOGs r educed lamapsandther highdumen82w 28 W
lamps are all rated between-80,000 hours (instant stdtg§], 3 hours per startfurther
Philips rategheir reduced wattage 25 and 28l&khps at 32,000 hourtS| 3 hours per

staExk)entied |Iifeo |l amps offer even | onger r a

As noted in sectioWl.D.2.c, baseline lamps are selected in part based on the

mostcommon characteristics of their respective product classef@Badselects more
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efficacious substitutesith similar performance characteristics as the baseline
representative unit when possible. Thus, the baseline and more efficacious substitutes
selected represent the most common lifetimes for each product class. In the case of the 4
foot MBP product clasdDOE found that a 24,000 hour lifetime Bballasts with 3 hour

starts and a 40,000 hour lifetime on programmed start ballasts with 3 hour starts were the
most common lifetimes for the product claS€E notes that the rated lifetime values
ctedbyNEFP f or GEOs reduced wattage 25 and 28 W
lamps represent rated lifetime on a programmed start ballast with 3 hour starts rather than
anlS ballast. Therefore the 480,000 hour lifetimecited by NEEP do align with the

rated lifetimes (programmed start, 3 hours per start) of the more efficacious substitutes
selected. FurtheDOE received manufacturer feedback during interviews that the

lifetime values of the more efficacious substitutes were representative of their respective
produd classesTherefore, in this NOPR analysis, DOE is maintainingsémaemore
efficacious substitutessselected in the preliminary analyd®OE requests comment on

the rated lifetimes of the GSFL baselines and more efficacious substitutes.

Summary of GFL Representative Lamps

DOE received no other comments regarding the selection of more efficacious
substitutes for GSFLs. The GSFL representative lamps analyzed in the NOPR are shown

in TableVI.7.
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Table VI.7 GSFL Representative Lamps

Nominal Rated Rated Iﬂ't'ﬁtl 'I\_/:eﬁ? Life
Product EL Lamp Wattage | Wattage | Efficacy o % il o % i CRI
Classes Diameter utpu utpu
w w Im/W Im Im hr
EL1 T8 32 325 900 | 2,925 | 2,770 | 21,000| 85
sfoot | EL2 T8 25 26.6 93.0 | 2,475 | 2,350 | 24,000| 85
MBP | g > T8 32 325 954 | 3,100 | 2,945 | 24,000| 85
EL 2 T8 28 28.4 960 | 2,725 | 2,590 | 24,000| 85
EL1 T8 59 60.1 982 | 5900 | 5490 | 24,000| 85
gfootsp| EL 2 T8 59 60.1 99.0 | 5950 | 5,650 | 24,000 85
slimline | g » T8 54 54.0 105.6 | 5700 | 5,415 | 24,000/ 85
EL 2 T8 50 50.0 108.0 | 5400 | 5,075 | 24,000/ 85
gfoot | EL1 T8 86 84.0 952 | 8,000 | 7,600 | 18,000| 78
RDCHO | g 2 T8 86 84.0 976 | 8200 | 7,800 | 18,000| 86
EL1 T5 28 27.8 935 | 2,600 | 2,418 | 30,000| 85
T5 EL2 T5 28 27.8 982 | 2,730 | 2,594 | 30,000| 85
MiniBP
SO* EL 2 T5 26 26.0 100.0 | 2,600 | 2,470 | 30,000| 85
EL2 T5 25 25.0 1040 | 2,600 | 2475 | 35,000/ 85
T EL1 T5 54 53.8 827 | 4450 | 4275 | 25000| 85
MiniBP | EL 1 T5 49 49.0 90.8 | 4,450 | 4,140 | 35,000| 85
HO*
EL1 T5 47 47.0 919 | 4320 | 3969 | 30,000 84

* 4-foot T5 MiniBP SO and HO rated efficacy, initial lumen output, and mean lumen output gReAGt

e. GeneralServiceFluorescent ampSystems

Because fluorescefdmps operate on a ballast in practice, in the preliminary
analysis, DOE analyzed largndballast systems, thereby more accurately capturing
realworld energy use and light output. In the DOE test procedure for GSFLs, and
therefore in this rulemaking, lgrefficacy is based on the initial lumen output. However,

because light output decreases over time, in the preliminary analysis DOE amadyeed



efficacioussystemghat maintain mean lumesutpuf® within 10 percenbf the baseline
systemwhen possibleFurther, in the preliminary analysis, DQElected replacement

systems that do not have higher energy consumption than the baseline system.

DOE considered two different scenarios in the preliminary analysis: 1) a lamp
replacement scenario in which the somerselects a reduced wattage replacement lamp
that can operate on the installed ballast and 2) a-Emdjpallast replacement scenario in
which the consumer selects a lamp that has the same or lower wattage compared to the
baseline lamp and also seleatsew ballast with potentially different performance
characteristics, such as ballast fatt@BF) or ballast luminous efficiendy/(BLE). In the
preliminary analysis, for the second scenario DOE attempted to select a ballast that would
result in energy sangs and still maintain the mean lumen output within 10 percent of the
baseline. In cases where energy savings were not possible without going beyond the 10
percent threshold of the baseline mean lumen output, DOE gave priority to energy
savings. This ragted in the mean lumen output being either 10 percent above or below

the baseline lumens for certain larapdballast scenarios.

DOE received several comments regarding its methodology in identifying more

efficacious lampandballast systems, specifitgregarding selection of ballasts,

29 Mean lumen output is a measure of light output midway through the rated life of a lamp.

%0 BF is defined as the output of a ballast delivered to a reference lamp in terms of power or light divided by
the output of the relevant reference ballast delivewatie same lamp (ANSI C82..2902). Because BF

affects the light output of the system, manufacturers design ballasts with a réadjasiffactos to allow
consumers to vary the light output, and thus power consumed, of a fluorescent system. SeleBadazd1

Rule final rule TSD Chapter Jhe Ballast Rule materials are available at
www.regulations.gov/#!docketDetail;D=EERE07-BT-STD-0016

3LBLE is the ratio of tk total lamp arc power to ballast input power multiplied by the appropriate

frequency adjustment factor.
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maintenance of mean lumen output within 10 percent of the baseline, and energy saving

options not explored in the preliminary analysis.

BallastSelection

NEMA agreed withthelamp and ballast pairirsgoresented in thpreliminary
analysis(NEMA, No. 36 at p. 8However NEMA alsostated that GSFL performance is
highly dependent on ballast selection and pairing. NEMA pointed ouN&&abf
lighting systems will not be affected significantly by this proposed rulemaiargSFL
efficacy due to the overwhelming influence of ballast selection on final performance.

(NEMA, No. 36 at p. 1)

As mentioned, bcause fluorescent lamps operate on a ballast in practice, DOE
analyzed lamfandballast systems in the engineering analyBige impacts of these
systems oWNESwere analyzed in the NIA.€® sectioVI.l for more informatioron the

NESof the proposed GSFL systems

The CA 10Us expressed concern regarding some of the replacement systems
identified, including lamps operating on residential ballasts and programaned st
ballasts.The CA IOUs questioned why residential ballast with a ballast factoi0c83
was selectedrhen DOE could have chosen a ballast with a lower ballast factor of 0.77
and still stayed within five percent of initial lume€A 10Us, Public Meehg
Transcript, No. 30 at 253-255 The CA 10Us also questioned a specific |aiapd

ballastreplacement scenaramnsidered in the preliminary analysis in whachominal 32



W lamp with an efficacy of 95 Im/Wnstalledwith a 0.88 BF ballast, replace2 W
lamp at 89.2 Im/Walso using &.88 BF ballast(See table 8.5.3 of the preliminary T$D
The CA 10Us noted that this retrofit results in a 7 pergeatease in light output and no
reduction inenergy consumptiorf DOE hadpaireda0.78 BFballag with the more
efficacious lampthe retrofit would have resulted in a retlan in light output of only 5
percent and would achieve some reductioremergy consumptioand some energy cost

savings for the end user. (CA 10Us, No. 32 at pp14p

In the preliminary analysis, DOE considered only commercially available ballasts

when selecting ballasts to pair with lampke CA IOUs suggested a ballast with a 0.77

BF for the residential-Pamp instant start replacement scenario and a ballast wiit8a 0

BF for the 2lamp programmed start scenario, however, DOE found that these ballasts do
not exist. Bcause there were mesidential 2amp instant start low BF ballasts &tamp
programmed start low BF ballasts commercially available that would a@sdam mean
lumen output within 10 percent of the baseline system, DOE was unable to analyze
ballasts witHower BFs than those selectddr these scenarig. DOE instead selected the

same ballast as the baseline as this was the lowest BF ballast cortyrevaitable.

TenPercentMean LumenQutput Threshold

NEMA explained that in the past it was common practice to reduce light levels by
10 percent or more when retrofitting from a T12 to a T8 lighting system because older
lighting systems were typicallyesigned to higher light levels. Over the years, IES light

level requirements have been reduced, especially in office applications where the use of
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computers reduces the need for high light levels. DOE must analyze the future retrofit

situation that willoccur after 2018 in which-fbot linear fluorescent systems will have

been retrofitted to a T8 or better fluorescent system already operating at the appropriate

lower light levels. Retrofits beyond this 2018 time period should be expected to maintain

the rew, lower recommended IES light levels where they are already in place. Therefore,

unlike T12 to T8 conversions, projecting furthehligevel reductions of 6 to 14 percent

as Iis done in DOEOGs analysis cannin20l8be j ust.
For a fair economic comparison, DOE should seek to match the existing light levels

within a +f 5 percentrange.(NEMA, No. 36 at p. 8GE, Public Meeting Transcript, No.

30 at pp. 9-91; GE, Public Meeting Transcript, No. 30 at pp041112; Philips, Public

Meeting Transcript, No. 30 at pp.3Q06)

GE stated thait is not typical tareplace lighting systems lamp for lamp that are
more than 10 percent lower in light output unless the spammnsidereaverlit to begin
with or the space wagpurposed(GE, Public Meeting Transcript, No. 30 at pp-%®)
For a fair comparison between lighting systems, GE recommehdeB®OEstay as
close as possible to 10 percent and not to go beyond this threshold as some systems do in

the analysis preserte(GE, Public Meeting Transcript, No. 30 at pp9-1.20)

EEl agreed thaat this timeretrofits are being done from T8 to T8 and electronic
ballast to electronic ballast and therefinmendepreciation is limited, at most 10
percent versus 20 or 30rpentwhen replacing T12.EEI noted that this could make a

difference in design foeenew building and total renovations that are meeting building
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codes(EEI, Public Meeting Transcript, No. 30 at pp91110) EEI recommended
analyzingequal to or highelumen outputeplacement systents maximizeconsumer
utility in terms of maintaining lumen output in retrofit scenarios. (EEI, Public iNget
Transcript, No. 30 at p. 12Cooper Lighting added that light level is important in
accurately and correctly ag a task in a space and the impact of light levels on
efficiency in the workplace should be given considera{iGooper, Public Meeting

Transcript, No. 30 at pA.10

TheCAIOUsa gr e ed wanalysis @ @@atesnent systems that
maintained mean fuen output withirlO percent othe mean lumensf the baseline
systemBased on experience from offering rebate lamps through its progranGA
IOUs hadfound that nine times out of ten after changing the lights in a commercial
space, the complaints are that it is too brighe CA IOUs asserted that most spaces
were not designed exactly to IES standardgiue a little extra light initially.
Additiondly, the CA IOUs noted that lumen maintenance isignificantissue with
fluorescent systemgparticularlybecause the replacementodder T12 systemwith
newer, more efficacious systemskes the spacgeem even brighter after a retrofihe
CA I0Usfurther stated thahe scenarios where yancrease light output by, 8, 12
percent are not going to work for consumers r@atiicing light output b, 4, 6, 8
percent will still seem too brightCA I0Us, Public Meeting Transcript, No. 30 at pp.

106-108)
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As stated previously, because light output decreases over time, DOE analyzed
more efficacious systems that maintain mean lumen output within 10 percent of the
baseline when possible. DOE established the 10 percent threshold based on feedback
from manufacturers thain general, consumers would not notice a change in light output
that is up to 10 percent. Manufacturers natedng interviewghat when a space needs
to be relamped, lumen depreciation has already typically occurred and thus Itiver lig
levels of a newly installed lamp would likely not be detected. Manufacturers also noted
that while application dependent, designing to achieve energy savings is common and a
decreased lumen output as a result is generally accepted as loisgsamigvihere in the
range of 10 percent of the baseline system mean lumen output. DOE concluded that
selecting lamgandballast system replacements within 10 percent of the baseline system
when possible ensures sufficient light levels are maintained and accuediexys
common practiced herefore, in this NOPR analysis, DOE is continuing to utilize the
criterion of maintaining 10 percent of the mean lumen output when possible in
developing lamgandballast replacement scenaritisit was not possible to idemyia
lamp-andballast replacement that maintained the 10 percent mean lumen output
criterion,DOE prioritized energy savings and analyzed a lkamgballast system that
reduced light output by more than 10 perdebtit saved energy relative to the baseline
system. DOE continued to do this in the NOPR analysis because feedback during
manufacturer interviews confirmed that changesm@an lumen output outside 10 percent

of the baseline systeare acceptable some applications.

32 Light output was reduced up to 18 percent in some replacement scenarios. The percent reduction in light
output was based on the ballast factor ofadbeamercially available ballasts analyzed. For more
information, see chapter 5 of the NOPR TSD.
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In the preliminary analysis, some larapdballast replacement systems
maintained light output within 10 percent of the baseline system but did not save energy.
DOE analyzed these lamp and ballast combinations as the only replacement option
because they méhe 10 percent mean lumen output criteriéor.the NOPR analysis,
DOE considered additional scenarifos this situatiorbased on feedback from
stakeholders and manufacturer interviel¥©E added another replacement option in
which the consumer couldipritize energy savings by selecting a laamtballast
system that reduced lumen output by more than 10 percent but also reduced energy
consumptionTherefore, for certain lamandballast replacement scenarios, two ballast
selections may exist: 1) a badk that maintains system mean lumen output within 10
percent of the baseline; and 2) a ballast that achieves energy savings but does not
maintain system mean lumen output within 10 percent of the bade@te added this
option only if ballasts with theegquired lower ballast factor were commercially available.
Thus,it remains possibléhatcertain scenariodo not result in energy savings if a lew
BF ballast or reduced wattage lamp is not availadig, 8-foot RDC HO product class).

See chapter 5 ahe NOPR TSD for more information.

In response to the larmgndballast system selections presented inptiediminary
analysis EEl commented that light outputas being reduced between 8 d&3d8 percent.
EEI stated this is important because evehig possibléo meet the watts per square
requirements in new buildisgthe lumen outputequirement®n the surfacenust also be

metby putting in more fixtures. Therefore, EEI argued that system input power
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calculationgresented in the preliminary anal/may show savingthatdisappear once
the space is designéal put in more fixturegEEI, Public Meetg Transcript, No. 30 at
pp. 103105) Philipsnotedthat puttingin more fixturess not going to help because
fixtures are mainly in the middle of theom.(Philips, Public Meeting Transcript, No. 30

at pp. 16-106)

As noted, for the lamyandballast replacement scenari®)E attempted to
select a ballast that would result in energy savings and still maintain the mean lumen
output within 10 percendf the baselinevhen possibleDOE determined that maintaining
10 percent of mean lumen output allows for changes in lumen output within an
acceptable range to the consuntiethis was not possibJ&OE prioritized energy
savings and analyzed a larapdballast system that reduced light output by more than
10 percent but saved energy relative to the baseline syBt@mdid not analyze the
installation of additional fixtures due to feedback received from stakeholdesp#ting

adjustments are not pragzai (for a discussion of this conclusion, see sectiofs.9).

EnergySavingsOver Light Qutput

TheCA |1 OUs and NEEA and NPCC di dnohot
lamp-andballast system replacements where the light output increases without a
reduction in system wattag@CA 10Us, No. 32 at pp. 234; NEEA and NPCC, No. 34
at p. 2, 3 TheCA I0OUs stated thatommercial occupants asensitive to changes in
workplace lighting, and react negatively to light increabesthermore, commercial

building operators are very sensitive to operating casi$will choose the retrofit option

13¢

agree



that results in energy cost savivgshout significantly reducing the ligh¢velsunless
thespace was known toe underlit Therefore, where DOE @esentedavith a choice
between a lighting retrofit that would result in an ineeeaf light levels between 10
percent with no energy savings, and another that would resultieceeae of light

levels between-Q0 percentwith energy savings, DOE should model the energy saving

option as the most likely scenario for consumers. (CA IOUs, No. 32 at p. 14)

TheCA 10Us and NEEA and NPCC cited the following available options for
reducing system wattage without reducing system lumen output by more than 10 percent:
installing reduced wattage lamps, reducing ballast factors, delamping, and installing
dimming ballasts. Though some reduced wattage T8 lamps currently have some difficulty
dimming as well as their full wattage counterpattss is only an issue for lamps
installed with dimming ballasts. (Although, they noted th& may be improving in the
future through the use dimming ballastslesigred to operate reduced wattage lamps
The CA 10Us noted that reduced wattage lamps, ldvagiast factoballasts, or
delamping are valid options, when not using a dimming ballast. Further even if a
dimming ballast is installed, higher efficacy (brighter), full wattage lamps can be idstalle
and tuned to the appropriate light level, which reduces system wdag&OUs, No. 32

at pp. 1314)

TheCA 10Us and NEEA and NPCC noted that using these measuaebitve
energy savings for the end user is a far more likely scenario foraaeddllighting

retrofit project (CA IOUs, No. 32 at pp. 134; NEEA and NPCC, No. 34 atp. 2, 4

13¢



NEEA and NPCC added that resulting energy cost savings also help pay for the retrofit,
and retrofits may only infrequently result in increased light levBIEEA and NPCC,

No. 34 at p. 2, 4)

DOE acknowledges that consumers may prioritize energy savings over
maintaining light output in some applications. D@lEoobsenesthatseveraloptions
exist to reduce system wattage while maintaining lumen output. DQ¥zedaeduced
wattage lamps and low BF ballasts as replacement options in the engineering analysis.
DOE also analyzed the use of dimming ballasts paired with both reduced wattage and full
wattage lamps (for applicable product classes) to achieve energgsava lighting
controls scenarioonducted as a sensitivity the LCC and NIA. See appendix 6A and

chapter 2 of the NOPR TSD for further information on the dimming analysis.

In addition to the above mentioned approaches utilized in the preliminary
analysis, DOEadded scenarias the NOPRo incorporate the feedback from
stakeholders that some consumers would prioritize energy savings over increasing or
maintaining light output. As discussed previously, for the lkamgballast replacement
scenarioghat resulted only in increased light outddQE added another replacement
option for this situation in which the consumer could prioritize energy savings by
selecting a lamyandballast system that reduced lumen output by more than 10 percent
but also rduced energy consumptiddOE received feedback from manufacturers that
maintenance of less than 10 percent of lumen output of the baseline system is more likely

than increasing lumen output when replacing systems in order to achieve energy savings.



Thus,DOE added the option for a consumer to select ai@k ballast, if commercially
available, that results in mean lumen output outside 10 percent of the baseline system in
order to provide an energpaving option if possibléAs in the preliminary analysi®OE

did not consider delamping in this NOPRcausenanufacturer feedback confirmed that

delamping is not common practice when retrofitting existing T8 systems.

Summary

DOE maintained its overall methodology from the preliminary analysis for
selectingamp-andballast systems with the addition of new replacement options in some
scenarios for the NOPR analysis to incorporate stakeholder feedlmad&velop
representative lampndballast system pairing® OE used manufacturer feedback and
information povided in the 2011 Ballast Rule determinghe most common fluorescent
lamp ballastsin the preliminary and NOPR analys&OE pairedthe representative
ballasts utilized in the 2011 Ballast Rule wiitte representative lanspselected in this
analysisto characterizéhe most common lanyandballast combinations present in the

market.

In events where consumers needed to replace both the lamp and the ballast, DOE
identified a new lamyandballast system by pairing a more efficacious lamp with a
commercially available ballast that had the lowest BF possible that still maintained
system man lumen output within 10 percent of the baseline system. When multiple
ballast options with the same BF existed, DOE selected the most efficient ballast based

on the BLE metric, as this was considered to be the most likely ballast substitute in a
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lamp-andballast replacement scenario designed to achieve energy savings. If it was not
possible to identify a lampndballast replacement that maintained the 10 percent mean
lumen output criterioDOE prioritized energy savings and analyzed a lamgballast
system that reduced light output by more than 10 pettbuat saved energy relative to

the baseline system.

In the preliminary analysis, some larapdballast replacement systems
maintained light output within 10 percent of the baseline system but degavetnergy.
In the preliminary analysis, DOE analyzed these lamgballast combinations as the
only replacement option because they met the 10 percent mean lumen output criterion.
However, in the NOPR analysis, DOE added another replacement opttors feituation
in which the consumer could prioritize energy savings by selecting adacdhpallast
system that reduced lumen output by more than 10 percent but also reduced energy
consumptionDOE added this option only if ballasts with the required loBfe were
commercially availableSee chapter 5 of the NOPR TSD for more informati@E
welcomes comments on its methodology for developing dangiballast systems and as

well as the results of these GSFL systems.

f. Maximum Techmologically Feasible
DOE received several comments on the max tech level presented in the

preliminary analysis for GSFL&utron commented that with the exception of thiedt

¥ Light output was reduced up to 18 percent in some replacement scenarios. The percent reduction in light
output was based on thellast factoof the commerailly available ballasts analyzed. For more
information, see chapter 5 of the NOPR TSD.
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MBP class, CSLs presentadthe preliminary analysiwere higher than the max tech
levels identified in the 2009 Lamps Rule. Lutron noted that for #fo®8SP slimline
product class the max tech level in the 2009 Lamps Rule was @8wmile the CSL
level being considered is at 99 WM/ for the 8foot RDCHO productclassthe 2009
Lamps Rule max teclwas 95 Im¥V while thepreliminary analysi€SL is 97 ImV; for
the T5 MiniBP SQproductclass th2009 Lamps Rulenax tech levelvas90 ImAV while
thepreliminary analysi€SL is 98.2 ImW; for the TS5 MiniBP HD productclass the2009
Lamps Rulanax tech level was 76 IM/ and thepreliminary analysi€SL is 86.2 ImVV.
(Lutron, Public Meeting Transcript, No. 30 at p91130) NEEA and NPCGQloubted
the data used becauS&Ls presentedereat higherefficacy levés than the max tech
levels identified in the 2009 Lamps RWBIEEA and NPCC, No. 34 at p. 2, REMA
al so commented that having one CSL eliminate
other than the baseline and max tech and makes it more likepdxaech will become

the new standarqNEMA, Public Meeting Transcript, No. 30 at 860)

NEMA asked for an explanation of CSL levels higher than the max tech identified
in the 2009 Lamps Rule for thef@ot lamps(NEMA, Public Meeting Transcript, NGO
at pp. 1213) Lutron stated and NEMA concurred that unless there had been major
technological breakthrough in fluorescent langmnpting standards more stringent than
the max tech levels identified in the 2009 Lamps Rudald not be justified(Lutron,
Public Meeting Transcript, No. 30 at pj22%130; NEMA, Public Meeting Transcript,
No. 30 at pp137) Philips and GE confirmed that there had been no recent technology

changes in fluorescent lamp technology to warrant higher lbegigconsidered than

14C



the max tech levels identified in the 2009 Lamps Rule. (Philips, Public Meeting
Transcript, No. 30 at p. D3GE, Public Meeting Transcript, No. 30 at p0Oi1331)
NEMA concluded that becauigere have been no noteworthy technological
bre&throughs since the last rulemaking or gi&@nges in the markehe maximum
feasible performance levels of the previous rule have not chgNg®dA, No. 36 at p.

1)

GE noted that because the 2009 Lamps Rule was moving from relatively modest
efficiency levels, the discussion did not center around whaMiawe being reported and
what is stated in catalogs. However, GE noted that in this rulemaking because the levels
being considered are ary high levelsit is important to considexhether the Im/W
numbersare actually achievable. GE recommended that for max tech levels DOE use test
data that show exactly what these products are capable of and not base levels on
marketing claims to avoid situations where the established efficacy turns out to be
unachevable, resulting in the elimination of a product clé&&, Public Meeting
Transcript, No. 30 at pp. 44146) Specifically, GE noted that it was concerned that the
CSLs presented were based on more aggressive marketing claims in catalogs and not on

any real change in technology. (GE, Public Meeting Transcript, No. 30 88439

DOE identified several commercially available lamps performing at efficacy
levels higher than the max tech levels established in the 2009 Lampd Rude
manufacturers appeto be utilizing more advanced technologies or to be more

efficiently utilizing existing technologie3.he efficacy valueprovidedin manufacturer
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product catalogs and certification data supplied by manufacturers indicate that these
levels are achievahl®OE welcomes comment on the max tech levels identified in this

analysis and more information on the accuracy of catalog and certification data.

g. Efficacy Levels

After identifying moreefficacious substitutes for each of the baseline lamps,
the prelimnary analysi©OE developd CSLsbased orthe consideration of several
factors including: (1) the design options associated with the specific lamps being studied
(e.g, grades of phosphor f@SFLs); (2) the ability of lamps across wattages to comply
with the standard level of a given product cl¥ssnd (3) themax techevel. When
evaluatingCSLs in the preliminary analysis, DQnsidered onl{CSLs at which a full
wattage version of the lamp type was available because reduced wattage lamps have
limited utility. DOE received several comments on the CSLs considered in the

preliminary analysis.

NEMA recommendedevisions to the CSLs presentadhe preliminaryanalysis.
Specifically, NEMA proposed a level at 89 Im/W for théoét MBP product class, 97
Im/W for the 8foot SP slimline product class, 94 Im/W for théo®t RDC HO product
class 90 Im/W for the 4foot TS5 MiniBP SO product class, aB@ Im/W for the 4foot
T5 MiniBP HO product clasgNEMA, No. 36 at p. 9)urther, n reference to T5 lamps,

NEMA noted that regardless of whether DOE had presented C2bs’&tor 35 °C the

34 ELs span multiple lamps of different wattages. In selecting CSLs, DOE considered whether these
multiple lamps can meet the ELs.
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efficacies of thenalyzedoroducts are too high to serve apnesentative products.

(NEMA, No. 36 at p. 10)

In the preliminary analysi§)OE considered two CSLs for thefdot MBP
product class. DOEound two levels of efficacy above the existing standard that
commercially available lampsereable to achievel he baseline represented a standard
800 series full wattage T8 lamp. C31(90.0 Im/W)represergdan improved 800 series
full wattage T8 lamp in which the phosphor mix and/or coatiag enhanced to increase
efficacy.CSL 2 (93.0 Im/W)represeradan800 seies full wattage T8 high lumen lamp
able to achieve a higher efficasyth even more advanced phosphétsduced wattage
lamps also met CSL 2DOE analyzed publicly availabtertificationdata to determine if
any adjustments were needecensure that pposedevels can be met based on the
certificationdata DOE determined that the representative units and/or equivalent lamps
complied with the CSLs for thef#ot MBP product class. DOE therefore concluded that
no adjustments were necessary in the pialny analysis based on the available

certification data.

In response to the preliminary analysis CSIEMA proposedevising CSL 1to
89 Im/Wfor the 4foot MBP product class, which is equivaléothe existing standard.
In the NOPR analysis, DOE continued to identify two levels of efficacy above the
baseline. Manufacturgarovided information in catalogs indicates that there are two
distinct product lines available with efficacies higher than the baseline products. The

baseline level represents a standard 800 series full wattage T8 lamp. In the NOPR
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analysis, DOE maintained EL 1 (90.0 Im/W) which represents an improved 800 series
full wattage T8 lamp. DOE also maintained EL 2 (93.0 Im/W) which represents an 800
series highumen output full wattage T8 lamp and the 25 W and 28 W reduced wattage
lamps. DOE analyzed available certification information and foundghatdid not

need to be adjusted fro@®.0 Im/W.DOE adjustedEL 2 from the preliminary analysis

value of 93.0M/W to 92.4 Im/W based on additiorcartificationdata.

DOE considered one CSL for thé@t SP slimline product class at 99.0 Im/W in
the preliminary analysis. The baseline represented a standard 800 series full wattage T8
lamp, and DOE identified orlevel of efficacy above the baseline. CSkepresented an
improved 800 series full wattage (59 W) T8 lamp in which the phosphor mix and/or
coating is enhanced to increase efficd®gduced wattage lamps also met this CSL. DOE
determined through publiclgvailable compliance reports that the 54 W representative
unit and/or equivalent lamps complied with CSL 1. Thus, DOE concluded that no

adjustment was necessary to CEin the preliminary analysis.

NEMA recommendedevising CSL 1 t®7 Im/W for the oot SP slimline
product classwhich is equivalento the existing standarth response to the preliminary
analysis. For the NOPR analysas mentioned previouslipOE selecteda new baseline
lamp that just complies with the existing standard level oh8¥\. The baseline level
represents a less efficient 800 series full wattage T8 lamp. DOE then idemidiézl/els
of efficacy above tis baseline that commercially available lamps are able to achieve.

Manufacturetrprovided information in catalogs indiestthat there are two distinct
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product lines available with efficacies higher than the baseline prdfludtrepresents a
standard 800 series full wattage T8 lamp.ZEiepresents an improved 800 series full
wattage T8 lamp in which the phosphor mix andfating is enhanced to increase
efficacy.Reduced wattage lamps also meetEDOEfound no adjustments were
necessary based on certificatieta and established HLat 98.2 Im/W and ER at 99.0

Im/W.

For the 8foot RDC HO product clas®OE had puforth CSL 1 at 97.0 Im/W in
the preliminary analysis. The baseline represented a 700 series full W86a4eT8
lamp, and DOE identified one level of efficacy above the baseline. CSL 1 represented a
shift from 700 series to 800 series full wattage 8i@ps. Based on available certification
data for the 86 W T8 representative unit and/or equivalent lamps at CSL 1, DOE adjusted

CSL 1 from 97.6 Im/W to 97.0 Im/W for 800 series full wattage T8 lamps.

In response to the CSL proposed in the preliminary aisafgr the 8foot RDC
HO product clasf\NEMA suggested¢hangingCSL 1 to 94 Im/W.DOE revised its
analysis for the NOPR and modeled a baseline that just met the existing standard level of
92 Im/W, as described in sectivihD.2.c. DOE then identified two levels of efficacy
above the baseline levéL 1 nowrepresenta 700 series full wattage T8 lamp with
basic coating, gas composition, and phosphor mixX2 Eépresents a shift to an 800 series
full wattage T8 lamp. DORgainanalyzed publicly availableertificationdata and
determined that ELL should beadjusted from 95.2 Im/W t84.0 Im/Wfor 700 series full

wattage T8 lampbased on available certification da. 2 was not adjusteddased on
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available certification datandremairs 97.6 Im/W. DOE notes thatisHevel representing
the 800 series design option in the preliminary analysis (previ@Q&lyl) was adjusted
to 97.0 Im/W however, based on additior@@rtificationdata, an adjustment et

necessary.

In the preliminary analysis, DOE had considered one CSL at 98.2 Im/W for the 4
foot T5 MiniBP SO product class. The baseline represented an 800 series full wattage (28
W) T5 lamp with basic coating, gasmposition, and phosphor mix. CSL 1 represented
an improved 800 series full wattage T8 lamp in which the phosphor mix and/or coating
was enhanced to increase efficacy. Reduced wattage lamps also met thi3O&dien
compared theartificationdata tothe initial efficacy leveht 25 °C to determine if
adjustments were necessdOE determined through publicly available compliance
reports that the representative unit and/or equivalent lamps complied with CSL 1.

Therefore, DOE did not adjust the init@SL considered for this product class.

NEMA recommendedevising CSL1 to90 Im/W for the 4foot TS5 MiniBP SO
product classDOE updated its analysis for the NOPR and modeled a baseline that just
met the existing standard level of 86 Im/W, as desciribbséctionV1.D.2.c. The baseline
level represents lass efficienfull wattage (28 W) lampBased on a review of
commercially available products, DQEenidentified two levels of efficacy above the
baseline leveat whichlamps were consistently performinganufacturesprovided
information in catalogsdicatesthat there are two distinct product lines available with

efficacies higher than the baselineguwot.EL 1 represents an 800 series full wattage T5
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lamp with basic coating, gas composition, and phosphor mi2 i€presents an

improved 800 series full wattage T8 lamp in which the phosphor mix and/or coating is
enhanced to increase efficacy. Reducedtage lamps also meet this lev@OE found

that no adjustments were necessaryHborl and therefore established Blat 93.5 Im/W.
ForEL 2 representing improved 800 series full wattage T8 lam@ adjustecEL 2

from 98.2 Im/W td97.1 Im/Wbased on atltional certification data

In the preliminary analysis, DOE considered one CSL for {feo#T5 MiniBP
HO product class at 86.2 Im/\Whe baseline represeatan 800 series full wattadé4
W) T5 lamp with basic coating, gas composition, and phospirarCSL 1represeread
reducel wattage lams, including 50 W T5 and 47 W T5 lamps,animproved 800
series full wattage T8 lamp in which the phosphor mix and/or coating is enhanced to
increase efficacyBecause ther@ereno commercially available full attage higher
efficacy replacements for tiefoot TS5 MiniBP HObaseline lamps, DOE modeled a
more efficaciousull wattage lampDOE determined through publicly available
compliance reports that tktemmercially availableeduced wattagespresentativenits
and/or equivalent lamps complied with CSL 1. Therefore, DOE did not adjust the initial

CSL considered for this product class

For the T5 MiniBP HO product class, NEMA suggestedsing CSL1 to 80
Im/W. DOE agrees with NEMA that there is only oegél of efficacy above the baseline
level for this product clasfiowever, performance based on commercially available

lamps corresporatito 76 Im/W. DOE revised its analysis for the NOPR and modeled a



baseline that just met the existing standard levébdm/W, as described in section
VI.D.2.c. The baseline level representtess efficienfull wattage (54 W) lamp.
Manufacturetrprovided information in catalogadicateghat there is one distinct product
line available with efficacy higher than the baseline prodktictl represents an 800
series full wattage T5 lamp with basic coating, gas composition, and phosphor mix.
Reduced wattage lamps also meet this |&Y6IE did notadjustthis levelbased on

certificationdata ands thereforeevaluatingeL 1 at 82.7 Im/W.

NEMA commented that havingone C8U i mi nat es DOEG6s ability
standard levels other than the baseline and maatetimakes it more likely thahax
tech will become the new standafNEMA, Public Meeting Transcript, No. 30 at360)
EEl alsoexpressed concern that besides tfieot MBP product class, only one CSL was
being considered for all other product classes wiviah also representative of the max
tech level based on the criteria that full wattage lamps had to meet every CSL being
considered. EEI further noted that it was not aware of any other rulenvalkérgno
other levelsvereproposed between the baseline amax tech. (EEI, Public Meeting

Transcript, No. 30 at pp. 4213%-137)

As described in the preceding paragrgdd®E revised its engineering analysis
for the NOPR analysi®OE surveyed the market, analyzed product catalogs, and took
into account fedaack from manufacturers to develBps. Based on this assessment,

DOE identified varying levels of efficacy that reflected technology changes and met the
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criteria for developingeLs outlined abovelin the NOPR, DOEs considering two ELS in

each product elss with the exception of the T5 MiniBP HO product class

DOE also received several comments regarding full wattage lamps meeting
efficacy levels under consideratiddEMA stated thaif the efficacy level at CSL2 for
the 4foot MBP lamp canbeachievednly with more efficient kyptonfilled (i.e.,
reduced wattage) fluorescent lampsyill come at the cost of reliable dimming that will
have an impact on energy s&ys compared to the baselineitron stated that the full
wattage lamps in both the TB&TS categories are the only ones for which there are
dimming standards in the industtyutron expressed concern that the CSLs being
consideed by DOE would eliminate fulvattage lamps and that would result in a loss of
significant energy savings, naist the theoretical energy savings associated with the
lamp efficacy, which may or may not result in any actual energy savings in buildings.
(Lutron, Public Meeting Transcript, No. 3@ p. 133134) NEMA strongly cautioned
DOE to bear in mind thaeducedvattagdlamps ar e often fAenergy
lack the robust performance of fulattage models. Full functionality for dimmiyay
desirable characteristic, is typically only available in fdittage model{NEMA, No.

36 at p. 11)

DOE acknowledes that there are limitations with using reduced wattage
fluorescent lamp<DOE received feedback during manufacturer interviews that reduced
wattage lamps cannot act as replacements for full wattage lamps in all applications,

particularly in cold tempetare applications below 665 °F. Manufacturers also noted
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that striations remain an issue for reduced wattage lamps because not all ballasts contain
striation control circuitry, and those equipped with striation control circuitry do not
completely eliminge striation Further, manufacturers identified issues with dimming
reduced wattage lamps indicating that these lamps dim unreliably in certain applications.
Manufacturers notethat problems encountered with dimmiigear fluorescent lamps,
including lanp starting striations and dropoutare exacerbated lilge use okryptonin

reduced wattage lamps (see secWd:€.1 for more information) Therefore, DOE has
continued to ensure that full wattage lamps can meet all ELs under consideration in this

NOPR analysis.

For the NOPR analysi®OE usedupdated catalog arwrtificationdatg which
resulted in slightly different ELs than those considered in the preliminary analysis. The
ELs for the representative product classes of GSFLs are preseifineivI.8. For
further information on the development of ELs, please refer to chapter 5 of the NOPR
TSD.DOE welcomes comments on the methodology used to develop ELs for GSFLs as

well as on the ELs.

Table V1.8 Summary of ELs for GSFL Representative Product Classes

Efficacy Level
CCT Lamp Type Im/W
1 2
4-foot MBP 90.0 92.4
8-foot SPslimline 98.2 99.0
O 4 ,K500 |8footRDCHO 94.0 97.6
4-foot T5MiniBP SO 93.5 97.1
4-foot TS5 MiniBP HO 82.7 N/A
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h. Scalingto Other Product Classes

As noted previously, DOE analyzes the representative product classes directly.
DOE then scales the levels developed for the representative product classes to determine
levels for product classes not analyzed dire€ibr. GSFLs, the representative product
classes analyzed were all lamp types with CO%500 K, with the exception offdot
U-shaped lamps. For thef@ot U shaped product class DOE scaled the efficacy levels

developed for the-fioot MBP product class.

Therefore, efficacy levels developemt famp types with CCTs less than or equal
to the 4,50 were scaled to obtain levels for higher CCT product classes not analyzed.
In the preliminaryanalysis, DOE developed this scaling factoidmsntifying pairs of the
same lamp type manufacturled the same manufacturer, within the same product family,
and differed only by CCT. DOE determined the average difference in efficacy between
these lamp pairs to be 2 percent. DOE received several comments on this approach and

resulting scaling factor.

CCT Scaling

NEMA stated that the 2 percent decrease for lamps with CC309 K is
insufficient to reflect the agal drop in Im/Wthat occursNEMA stated it isvell known
in the industry that as CCThdreases above300K, the lumen output and consequently
the Im/Wcontinues to decrease. Actual performance data for the common FRP0K5S
tri-phosphor lamps indicates tdecrease in Im/W to be in thetdpercentangeand in

the 68 percent rage for dB32T8 §500K tri-phosphor lamp. NEMA noted that this
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reduction in Im/W at 4,500K CCT becomesnore significanfor higher targets of

Im/W. (NEMA, No. 36 at pp. 12A3)

NEMA also noted that the 1 percent reduction from tfiecd MBP product class
with O ,500K CCT to the higher CCT lamps set by the 2009 Lamps Rulawas
significant error in the analysiSlEMA stated that bemause of theesultinghigh Im/W
target for the 400t MBP lampsthe T8 triphosphor ¢600K products were almost
eliminated from the markeFurther, NEMA asserted that when the waiver of standards
for 700 series lampis lifted this product may be eliminated because manufacturers may
not be able to reliably meet current regulatitorshehigh CCTproducts (NEMA, No.

36 at pp. 121.3)

GE stated thathe 2 percent decrease for the high chromaticity lamgsobably
accurate(GE, Public Meeting Transcript, No. 30 at p3184) NEMA recommended a
scaling factothatallows a decrease of at least 7 perderdaccommodate the average
pebor mance of t he hi gdifieient h@rOCICd mmiliesTofprosliets hi ghl y
have been growing in importance and sales in recent years due to results from studies
(i.e., IESNA TM-24) indicating that lighting that has more blue component actually
provides for better visual capabilities, especially for the aging populNiBRIA stated
that his has resulted in a noticeable shift in the market t®60K products. Any
increase in the Im/\Wequirements for the 4500K lamps will eliminate some, and
passibly all, of these higher performing high CCT lamps in the remaining classifications.

While the prior ruling may have already destined the elimination of 88K tri-
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phosphor 400t T81 T12 linear classification of GSFLs, there is still the oppotyuio
protect the ®OOK tri-phosphor family of lamps by not changing théW targets for

this group. (NEMA, No. 36 at pp. 1I3)

Based on comments received from stakeholders and feedback in manufacturer
interviews, DOE reassessed the scaling analgsithe higher CCT lamps. DOE
examined the differences in efficacies between lower and higher CCT lamps in each
product class based on performance data provided in manufacturer catalogs. Finding
substantial variation ithe percent reduction in efficacyssociated with increased CCT
among product classes, DOE is proposing a separate scaling factor for each product class.
DOE is proposing to maintain a 2 percent scaling factor for-floedMBP product class
in order to ensure that any propds$evel doeshot allow for more energy use théme
current minimum standari Based on its assessment, DOE is proposing a 3 percent
scaling factor for the-Poot U-shaped product class, 5 percent for tHe@ SP slimline
product class, 2 percent for théddt RDCHO product class, 6 percent for the T5 SO
product class, and 5 percent for the TS5 HO product class. DOE also verified the scaling
factors developed against certification data. Further, DOE confirmed that lamps with
CCT greater than 4,500 will meet the saled levelsSee chapter 5 of the NOPR TSD
for more information on CC$¥caling.DOE welcomes comments on the scaling factors
developed to scale GSFL product classes from the less than or equal to 4,500 K CCT

lamps to the greater than 4,500 K CCT lamps.

% Current standards for thefdot MBPpr oduct cl asses are 89 I m/W for CCT
CCT > 4,500 K. Because the difference between existing standards is small, the allowable scaling factor is
restricted to 2 percent.
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2-foot U-shapedscaling

NEMA stated that the scaling factor foifd@t U-shaped lamps of 2 percent is too
small. Because no technology changes or improvements have been mesieajmetd
lamps during the past three years, NEMA recommended rergaonsistehwith the
2009LampRule scaling factor and use 6 percent. NEMA added that the efficiency of
these lamps cannot be significantly, feasibly raised, so the minimum efficiencgef the
products should remain 84 ImM/MNEMA, No. 36 at p. 12E notedthere ae some
confoundingfactorsfor which DOE needto account if thescaling factomnalysisfor the
2-foot U-shaped clasis based on catalog data and even manufacturer to manufacturer
data.GE stated that efficacy difference wasrelikely in the4-6 percen rangeas
opposed to what is found in catalog dd@GE, Public Meeting Transcript, No. 30 at p.

154)

DOE reassessed the scaling analysis ffwa? U-shaped lamps based on
comments received. In the preliminary analysis, DOE had based its scaling assessment on
lamp performance data found in catalogs. However, DOE revised its analysis to utilize
certification data for the NOPR based on feedback received from manufacturers
indicating that confounding factors exist that are not reflected in catalogdgata.
comparingecertificationdata for 2foot U-shaped lamps with equivalenfdot MBP
lamps,DOE determine@n average efficacy reduction of 6 percent for tfied? U-
shaped lamps from thefdot MBP lamps was appropriate. DOE confirmed that the

technologyimpacts of the scaled ELs for thddbt U-shaped lamps were consistent with
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those of thgroposed ELs fothe 4foot MBP product classSee chapter 5 of the NOPR
TSD for more information on-Bot U-shaped scalingdOE welcomes comments on the
scaling factor developed to scale from thimdt MBP product class to thef@ot U-

shaped product class.

i. Rare Eatt Phosphors

NEMA restated its support of previous submitted comments of its concerns
regarding the rare earth phosphor isgd&EMA, No. 36 at p. 14ANEMA asked how the
analysis accounts for the current shortage of rare earth elements and the existice) pra
of waivers and further how these factors impact compliance capafMEjA, Public
Meeting Transcript, No. 30 at p. 13132) NEMA recommendethe DOE confer with
Dr. Alan King of the Critical Materials Institute of the AMES Laboratories to fully
understand and predict the availability of critical materials, inolgidare earth elements.
He observed to the NEMA Lighting Systems Division recently that once a material
becomes critical, it tends to stay critical, with fluctuations, but no slacking of
demand/criticality until the product demand disappears altogétheMA, No. 36 at p.

14)

DOE notes that manufacturers, in their applications for exception relief, stated
that they expected an improvement in the rare earth market, specifically noting tha
supplies of key rare earth phosphors used in fluorescent lamps will become more equal to
estimated demand beginning in 2014. Manufacturers also stated that tyeatwelief

would provide time for potential development of additional supplies outsi@giof, for
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progress in technology advancements and development of alternative technologies that
use lesser amounts of rare earth material, anghé@xpansion of recycling and

reclamation initiative§® DOE understands a constrained supply of rare @ébphors

may have impacts on the production of higher efficiency fluorescent lamps. DOE also
acknowledges that supply and demand of rare earth phosphors should continue to be
considered when evaluating amended standards for GSFLsaS ushe preliming
analysisfor this NOPR analysiDOE is consideing a scenario of increased rare earth
phosphor prices in the LCC and NIA. See appendices 7B and 9B of the NOPR TSD for

more information.

3. IncandescerRReflectorLampEngineering

For IRLs, DOE receivedomments on the engineering analysis presented in the
preliminary TSD. Stakeholders provided feedback on the metric used to measure IRL
efficacy, as well as feedback on DOEOGs repre
efficacious substitutes, basedilamps, max tech level, CSLs, scaling, and proposing
standards for IRLs. The following sections summarize the comments and responses
received on these topics, and present the IRL engineering methodology for this NOPR

analysis.

a. Metric
ExistingIRL standards are based on lamp efficacy measured as the lumen output

of the lampper watt supplied to the lamp. Further, the scope of coverage for existing IRL

% philips Lighting Company, et aDHA Case Nos. EX2-0001,EXC-12-0002, EXG12-0003 (2012).
Accessible hereattp://energy.gov/sites/prod/files/oha/EE/ExX@-0001thru03.pdf
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standards includes lamps that are equal to or greater than 40 W and less than or equal to
205 W. (See sion V.C for further information on IRL scopelNoting that wattage is a
factor in defining the scope of IRLs coverdthe CA IOUsrecommendd movingn the
diredion of lumenbased standards because lumensiseéul to a consumer, whereas
wattsare no longer a useful metric. For examgte,CA 10Us noted that lamp packaging
thatsagt hat t he 5bW egpals IOV daes netanakeenseThe CA IOUs
recommaded thatn generalDOE should das much as possibie help shiftdiscourse

to be lumerbased instead of wattadpased andstandards are one way to helpsido
Additionally, the CA I0OUs stated th&br a specific product typenanufacturerare
accustomed to degiing to a wattage because that is what consumers are ygegl, to
designingo 50W regardles®f the producefficacy), which produceavolumeof
products giving more or less ligltiowever,the CA 10Us asserted that efficacy should
be improved by reducing wattage rather than increasing light o¢g@AitOUs, Public

Meeting Transcript, No. 30 at pp5-48)

EEI, however, noted that the wattage equivalency provided on packaging is useful
to the consumer. They noted that st@ndard are in lumens per wativhich is a formula
that provides requirementor lamps to be more efficient on an efficacgther than
wattage pasis.However, speciallyfor incandescent lamppackaging stating that the
W halogenampis equal tcanold 100 W incandesceriamplets consumerknow what
theyare gettingincludingthe associatedight output. Otherwiseas historicallyhigher
watts produce higher lumerynsumers would be confusespecially with CFLs and

LED lamps (EEI, Public Meeting Tnascript, No. 30 at pp.8450)



Energy conservation standards must pres@itieera minimum level of energy
efficiency or a maximum quantity of energy use, where the former is a ratio of the useful
output of services to the energy use of the product. 42 U.S.C. 6291(5)(6) The existing
standard for IRLs is a lumens per watt, or lamp affyc metric. Setting a standard based
on lumens alone would not capture the efficiency of the product nor allow for a true
comparison of efficiency across lamp wattages. By relating the input power to the light

output, this metric appropriately measures éfficiency of the lamp.

Regarding setting standards that would drive manufacturers to meet energy
conservation standards by reducing wattage and not increasing light output, DOE
standards do not aim to favor any one design pathway for achieving energy efficiency
and saving energYDOE employsin equation that relates lumens to wattage and sets a
minimum efficacy requirement across all wattages for IRLs. This powegdamation
capturs the potential efficacy using a particular design option for all wattag€d
acknowledges thahanufacturers may choose to increase lumen output rather than
decrease wattage to meet the minimum efficacy requirement. Therefore, the engineering
analysis considers energgving optionskurther, lumen outputs that are not within 10
percentbf the basehe lumens are not considenedthe analysis(See chapter 5 of¢h
NOPRTSD for further details on the engineering analydig NIA considers all
available options for consumers in choosing IRS&e sectioivIl.J and chaptet 2 of the

NOPR TSD.)
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DOE acknowledges consumer understanding of the relationship between watts
and lumens could be improved through labeling and marketing of lamps. However, this is
notwi t hin the scope of DOEO6s authority in thioc
lumens per watt metric is an appropriate measure of the energy efficiencysohmidL
DOE considers energy savings when developing efficacy |dD@E& is not proposing to

changehis metric for IRLs in this rulemaking.

b. Representative Product Classes

When a product has multiple product clas8¥3E identifies and seleccertain
product classes as representasind analyzes those product classes direbtBE
chooses these repr&entative product classes primarily due to their high market volumes.
For IRLs, in the preliminary analysis DOE identified standard spectrum lamps, with
diameters greater than 2.5 inches, and input voltage less than 125 V as the representative
product clas, shown in gray iTableVI.9. NEMA agreed with the representative
product classes presented IRLs. (NEMA, No. 36 at p. 7DOE did not receive any
other comments regarding representative product classes for IRLs. In this NOPR, DOE is
maintaining the same IRL representative product classes as presented in the preliminary

analysis.



Table VI.9. IRL Representative Product Classes

Lamp Type Diameter Voltage
O 125
> 2.5 inches
< 125 (representative)
Standardspectrum -
O 125
O 2.5 i
<125
O 125
> 2.5 inches
<125
Modified spectrum -
O 125
O 2.5 i
<125

c. Baseline Lamps

Once DOE identifisrepresentativproductclasses for analysig,selecs baseline
lamps b analyze in eactepresentative productass.Typically, a baseline lamp the
most common, least efficacious laitigat meets existing energy conservation standards.
To identify baseline lamps, DOE reviewsduct offerings in catalogs, shipment
information, and manufacturer feedback obtained during intervieasIRLs, the most
common lamps were determined basedlwaracteristics such as wattage, diameter,

lifetime, lumen package, and efficacy.

In the preliminary analysis, DOE identified a PAR38 lamp as the most prevalent
lamp shape and diameter in the representative product class. From all PAR38 lamps with
the mast common characteristics, DOE selected two lamps that just met existing
standards as baselines. One was a 60 W halogen lamp with a lifetime of 1,500 hours that
utilized a higher efficiency inert fill gas and a higher efficiency reflector coating, and had

an efficacy right at the existing standard, 8:9PThe other was a 60 W HIR lamp with a
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lifetime of 3,000 hours that utilized IR glass coatiagsl had an efficacy very close to
the existing standard. DOE received several comments on its selectiamlmdgelines

for IRLs.

The CA I0UsandNEEA and NPCGtatedthat DOE should use only one
baseline lampvhich shouldhave an efficacy that just meets the current IRL standards,
and it should provide the minimum lamp life expected of these products. (C# IOU
Public Meeting Transcript, No. 30 at p.3l&A IOUs, No. 32 at p. 2; NEEA and NPCC,
No. 34 at pp. 2,4) The Joint Comment stated that DOE must select the least efficacious
lamp meeting current conservation standards as its baseline for IRLs. @wintedt,
No. 35 at p. 2ASAP also stated that DOE should not consider two baselines and pointed
out that ypically, a baseline is theommerciallyavailable productvith the lowest
efficiency. ASAP provided the example of a dishwasher rulemaking, wheradbse
common dishwasher was an ENERGY STAR compliant produgcthis productvas
above the minimunof the last standard, the previous standard itself was used as the
baseline. Thugjsing the most common produstdifferent tharusingthe least efficient

product available(ASAP, Public Meeting Transcript, No. 30 at p8}1

NEMA also disagreed with two baselines for IRLs, stating that the two baseline
products being compared are not identical, and alsasdline will eliminate a product
class NEMA further recommended thedther than expend numerous resources trying to

interpol ate what t hskouldsampli employiihembageline o b e,

selection criteria from the 2009 Lamps Rule and use the standard from that rulemaking as
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the baselia. (NEMA, No. 36 at p. INEMA stated that the arguments for baseline, CSL
0 in thepreliminaryTSD, are based on prietions of market shift thagrroneouslyustify
a new baseline higher than the minimum requiremaut$orth by the 2009 Lamps Rule

(NEMA, No. 36 at p. 1)

TheCA 10Us, NEEA and NPCC, and GE agreed that the true baseline is the less
efficient product with the shorter lifetimed., the 60 W halogen lamp with a 1,586ur
lifetime). (CA I0Us, Public Meeting Transcript, No. 30 at p31REEA and NPCC, No.

34 at p. 5GE, Public Meeting Transcript, No. 30 at 459161 The CA IOUs and the
Joint Comment noted thdte¢60 W halogen lamp with a 1,50®ur lifetimeis

representative of the minimum performance that is compliantulgh2012standards,
which require an effacy of 17.8 Im/W for a 60 W lamfCA I0OUs, No. 32 at p.;2oint

Comment, No. 35 at p)2

TheCA 10Us, NEEA and NPCC, the Joint Comment, and GE also agreed that the
60 W HIR lamp with a 3,0080ur lifetime was not a baseline lamp because it was using
more advanced technolod{ A IOUs, No. 32 at pp.-3; NEEA and NPCC, No. 34 at
pp. 2, 45; Joint @mment, No. 35 at p.)ZheCA IOUs, ASAP, and NEEA and NPCC
noted there is a traetdf betweerifetime and efficacy in incandescent lamp designd
absent other design improvements, an increase in lamp life results in a decrease in
efficacy, and vice wsa. (CA IOUs, No. 32 at pp-2 ASAP, Public Me&ng Transcript,

No. 30 at p. 159NEEA and NPCC, No. 34 at pp-5) Because the second lamp

proposed as a baseline | amp in DOEG6s anal ysi
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clearly includes somether advanced design features that have allowed for improved
performance in both metrics. (CA 10Us, No. 32 at pf8) Zhe Joint Comment added

thatif the lifetime of the second baseline lamp was reduced to 1,500 hours to allow for an
accurate comparisdo the first baseline lamp, its efficacy wddbe even greater than

18.3 Im/W. (Joint Comment, No. 35 at p. Burther,the CA IOUs andNEEA and NPCC
pointed out that the higher cost of the HIR lamp indicated that it was a more
technologically advanced ptact than the halogen lamiCA 10Us, No. 32 at pp.-3,

NEEA and NPCC, No. 34 at pp. 25}

The CA 10Us also noted thatimmum product performance generally gravitates
towards the minimum standards set for a prodactsuch IRL products are on the
market. Thereforethe CA IOUs contended it imaccurate to define a baseline product
that is higher than the minimum standgf@A I0Us, No. 32 at p. 2) ASAP further added
thatby introducing the 60 W HIR, 3,06@our lifetime lamp as a baseline, DOE tobéit
first, most cost effectivanprovementindaveragedt into the baseling ASAP, Public

Meeting Transcript, No. 30 at p. 1)6

DOE recognizes that the Hisaselindampwith the longer lifetime considered in
the preliminary analysis is usimgore advaced technology than the halogesseline
lamp.Thereforein this NOPR, DOE is not proposing daoalyzethe 60 W HIRlamp
with a3,00CGhour lifetime as a baseline lampOE is proposing one baseline represented

by the 60 W halogen lamp with a 1,5B0ur lifetime.
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The CA 10Us noted thathistorically, many reflector lamps have been offered
with a minimumlifetime of 1,000 hoursandgenerally no fewer. ThereforBOE could
even more accurately represent the baseline bgrlag the baseline lifetime th000

hours. (CA 10Us, No. 32 at p. 2)

DOE reviewedoroduct offerings in catalogs, shipment trends, and information
obtained during manufacturer interviews to identify the common characteristics of lamps
that meet standar ds. B@bhoardampsarenbcbBotes anal ysi s
common than other losv lifetime lamps, including 1,068our lamps, among the covered

IRLs. Therefore DOE is proposing a 1,5d@ur lamp as the baseline.

Stakeholders also commented on whether it was necessary to haxvendiimp
lifetimes for different sector$E stated thathe consumer markewhich does nb
necessarilyneed the long lifetimas looking fora less expensive opening price point.
However, the 60 W HIR with the 3,08®ur lifetimewould be soldo acommercial
customer who is more concerned about long operating hadrdoes not want to replace
lampsfrequently Therefore, the commercial consumer \gilavitate more towards the
highertechnology lamp, trying to reduce maintenance c¢Sis, Public Me&ng

Transcript, No. 30 at pp59-161)

The CA IOUs disagreed that a shorter lifetime lamp was appropriate for only the
residential sector and a longer lifetime lamp for the commercial sector. They stated that

products with shorter lifetimes are commontgarketed and sold into various market
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segments, including the commercial sector.ylpvided the examples éfalco

Haloxen SPAR Series product line and the Satco Xenon Haloge linth of which
arestandardsompliantl,50Ghourlife lampsspecifically marketed for use in the
commercial sectoAccording tothe CA IOUs, thissuggests that the shorter lifetime
products (1,000 1,500 hours) are appropriate to represent the baseline lamp for both the
residential and commercial sectqGA I0Us, No. 32 at p. 2NEEA and NPCC added

that both the 60 W halogen lamp with a 1,5@Qr lifetime and the 60 W HIR lamp with

a 3,006hour lifetimecan be found at typicalo-it-yourself OIY) stores and in

commercial lamp cataloggfNEEA and NPCC, No. 34ta@. 5)

Several stakeholders asked for furtilformation about the market share
breakdown of these lamps by sector. EEI asked abopeticentage of thiRL market
thatis residential versusommercial (EEI, Public Meeting Transcript, No. 30. 163-
164) EEI also asked how the baseline characteristics put forth in the preliminary analysis
compared to those in the marketplace in terms of what is actually being sold using 2012
or 2013 data(EEI, Public Meeting Transcript, No. 30 at 7] Noting that it was
difficult to determine where a lamp going through distribution channels such as Home
Depot or Loweds ends detgmineNHicEkIAmpaaeirette h o w
residentiasectorandwhich are in theeommercial sectore(g, by distribution chnnelor
socke}. (NEEA, Public Meeting Transcript, No. 30 at p418IEMA asked if the 2010

LMC contained data on sockets in specific sectors so@stéominenvhat percentage of

3" More information on these lamps is provided in the writemment available oregulations.gov under
docket number EERR2011:BT-STD-0006.
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those tend to be the higher technold®EMA, Public Meeting Transcriptyo. 30 at pp.

165-166)

ASAP agreed that the market is important but noted that it is factored into the
downstream analyseASAP provided an example th&tli00-percent of commercial
shipments are already at this level, tiigis will berefleciedin theshipments analysis
and it wouldflow through to the LCC and NIA, rather than be bintb the baseline

(ASAP, Public Meetig Transcript, No. 30 at pp. 1453

DOE acknowledges that different lamps may be popular in different market
sectorsThe2010LMC provides data on the inventories of halogen reflector lamps in
each sectoHowever, lecause there is nothing that would limit the use of a covered IRL
in a specific sector, DOE does rmmnductsectorbasedassessments in the engineering
analysisRatler, the LCC and NIA consider lamp use in different market sectbes. T
LCC analysis provides results for eanalyzed lamp in eaaielevant sector. The
shipments analysis accounts for the number of shipments by aadttre popularity of
analyzed lamps each sector. e results are subsequently used in the NIA analysis.

Please see secti®dfl.J for more detail.

Summary ofRL Baseline Lamps

DOE is proposing thbaseline lamp for IRLs specified rableVI.10. For further
information, please see chapter 5 of the NOPR TSD. DOE requests comments on its

selection of baseline lamps for IRLs.
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Table VI.10IRL Baseline Lamp

Baseline Lamp

Representative Initial
Product Class Lam Wattage | Efficacy Light Lifetime
P Descriptor Output
Type P
W Im/W Im hr
StandardSpectrum, | q
Voltage < 125V, PAR38 mprove 60 17.8 1,070 1,500
) Halogen
Diameter > 2.5 Inches

d. More Efficacious Substitutes
DOE seled moreefficaciousreplacements fahe baseline lamps considered
within each representative product cld3€E considers onlglesign options identified in
the screening analysi the preliminary analysis, DOE cadsred substitute lamps that
saved energy and, where possible, had a light output within 10 percent of the baseline
Il amp6s | ingdbentifying thé mouvetfficacious substitutes, DOE utilized a
database of commercially available lamipsthe prelinnary analysisPOE identified a
higher efficacy)owerwattage lamp, referred to in this analysis as an improved HIR lamp
with a lifetime of 4,400 hours, as a more efficacious substitute for the two baseline lamps.

DOE received several comments regarding its choice for a more efficacious substitute.

ASAP expressedoncerrnthattwo dependent variables, lumens per watt and
lifetime, are changedo that the more efficacious substitute is providing not just greater
efficacy but also more light, more hours of lightiagpdgreater utility.The product is
differentandis designedd meet some commercial consus@etesire for a londived
product.If the hours were reduced for that product to be equivalent to the baseline lamp
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lifetime, it would havea significantly higher efficacfrom an engineering perspective.
ASAP concluded that lifetime is a limiting factor on the efficacies that can be usie fo
selection of more efficacious, commercially available larSAP, Public Me&ng

Transcript, No. 30 at p. 1$9

The CA 10Us provided informatioon the relationship between lifetime and
efficacy in incandescent cbudingimprovedbyt i ng t hat
increasing current, but if no other design options are emp|dyedamp will have a
shorter lifetime. On the other hand, decreasing current can increase lamp lifetime, but if
no other design changes are made, the resulting produdd Wwave a reduced efficacy.

TheCA IOUs also put forth a relationship whéife = life0 x {Ipw/Ipw0} "*to show that
the efficacy of a lamp could be improved at the expense of lamp life rather than

investment or improvement in the lamp desi§(CA 10Us, No. 32 at pp.-3)

DOE recognizes that there is an inverse relationship between efficacy and lifetime
for IRLs. The engineering analysis focuses on commercially available products. DOE is
aware that to meet higher efficacy levels, manufacturers @osetio produce lamps
with a shorter lifetime than the baseline lamp to achieve higher effiGaegn that
manufacturers responded to the July 2012 standards by introducing IRLs with shorter
lifetimes, DOE understands that this is a likely path manufextumay take in response
to higher standards.olcapture the impacts of the relationship between lifetime and

efficacy in IRLs, DOE determined how much the lifetime of a lamp with the same

¥l n the eqguaits oengquaill itfee the desigh, | whiel atfitheedebss gn
resultant life when the designed efficacy is altered to aopakational efficacy (Ipw).
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wattage as the baseline lamp must be shortened to achieve ezatydével under
consideration in the NOPR analysis. (See chapter Sed@PR TSD for further

information.) The impact of these shortened lifetime lamps are assessed as sensitivities in
the LCC NIA, and MIA (Seerespectivelyappendix 8Bchapterl2, and appendix 13C

of the NOPRTSD).

In the main engineering analysi3OE did not model IRLs with shortened
lifetimes at efficacy levelkigher than those at which they are currently commercially
availablebecause DOBelieveshat lifetime is deaturevalued by consumer®OE
believes typical lifetimes of IRdregulated by this rulemaking doetween 1,500 and
4,400 hours The longest lifetime products are available at EL 1, the highest analyzed
efficacy level in this NOPR analysis. While manufactuoans choose to introduce
shorter lifetime products in the futy®@OE desnot requireshortemng of lamp lifetime

to meet any analyzed level

In the preliminary analysis, DOE had put forth a representative lamp with a
4,40CGhour lifetime and improved R technology as the more efficacious substitute. For
the NOPR analysis, after reassessing updated catalog and compliance information, DOE
identified an alternative representative lamp that better reflected the minimum efficacy
level for lamps with improve#lIR technology. This representative lamp has a lifetime of
4,200 hours. Because there is a range of lifetimes available at a higher efficacy
addition tothe4,20CGhour representative lamp, DOE is proposing a second representative

lamp as anore effic&ioussubstitute at EL 1 in this NOPR analysite 2,500¢hour



lampoffers a different technology pathway to achieve EL 1, nafhfeblass coating
without the use of higher efficiency reflector coatinfiserefore DOE analyzes the
2,500hour lamp as repesentative lamp at EL DOE requests comment on the

lifetimes of the IRL baseline and more efficacious substitutes.

Summary of IRL Representative Lamps

DOE is proposing the representative lamps for IRLs specifiédleVI.11. For
further information please see chapter 5 of the NOPR TSD. DOE requests comments on

its selection of representative lamps for IRLS.

Table VI.11IRL Representative Lamps

Representative Lamps
Representative Initial
Product Class Lam Wattage Efficacy* Light Lifetime
P Descriptor Output
Type P
W Im/W Im hr

Standard PARS | HiR 55 185 980 | 2,500
Spectrum, 8
Voltage < 125V,
Diameter > 2.5 PAR3 | Improved
Inches 8 HIR 55 18.5 1120 4,200

*Ef ficacy values are based on data from DOEGS®G

e. Maximum Techmologically Feasible
DOE presented one efficacy level (CSL 1) for consideration in the preliminary
analysis. Therefore, this level was also the max tech level identified for IRLs. DOE

received several comments on the max tech level presented in the preliminary analysis.
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The CA 10Us expressed their belief that DOE had not captured the total potential
energy savings from IRL standards. They noted that according to the 2010 LMC, IRLs
represent a sizable end use, an estimated 39 TWh of annual energy use in the United

States(CA 10Us, No. 32 at pp.-2) The CA I0Us citedthe case oNatural Resources

Defense Council v. Herringto@68 F.2d 1355, 13992 (D.C. Cir. 1985)in whichthe

DC CircuitCourtexplained the EPCA provision that requires DOE to identify and

analyze tmetédmbhromogy feasible I evel 0 to det
costeffective and feasiblelhe ruling further stated that DOE must explain why a

standard achieving max tech was reject€d I0Us, No. 32 at p. 43pecifically, CA

IOUs made the faliwing assertions regarding the max tech for IRLs presented in the

preliminary analysis: 1) there are commercially available IRLs higher than the max tech;

2) advanced technology being used in other lamp types can be transferred to produce

higher efficacy RLs; and 3) there are prototype IRLs that demonstrate the feasibility of

higher efficacy IRLs(CA 10Us, No. 32 at p. %)

The CA IOUs commented that there isvede array of curreg, commercially
available productthatare significantly moreefficient, by 1320 percentthan the CSL
proposed by DOECA 10Us, No. 32 at p. 4n the DOE certification database there is a
Philips 70W PAR38 at 22m/W, which is13 percent better than C3Lt a Philips55W
lampat 20.1m/W, which is 10 percent Iker thanCSL 1; and aGE lamp at23Im/W,
which is 12 percent bettesftheC A | OUs n o ts bedt produdstare @& in 6
D O E éestification databasd.hey also noted thamaller manufacturessith products

such as one with 25 percent higher perfance than CSL 1 are not represented in the
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analysis(CA IOUs, Public Me#&ing Transcript, No. 30 at p. 1JYASAP stated it is

important that DOE analyzemax tech levethoserfrom all lampsonthe market and

then examine the impacts of that level aitityt (ASAP, Public Meeting Transcript, No.

30 at pp. 18-182) NEEA and NPCC stategaroducts that should be comroilly

available in 2013 range in efficacy frafme minimum federal standard to over 30 Im/W,

and max tech is probably over 35 Im/®Ven atower wattagesfar above what DOE has
acknowledged(NEEA and NPCC, No. 34 ap. 2, 5)NEMA, however stated that there

have been no noteworthy technological breakthroughs since the last rulemaking or great
changes in the market. Therefore, the maxinfaasible performance levels of the

previous rule have not chang@EMA, No. 36 at p. 1)

I n the preliminary analysis, DOE evaluate
certification database to identify the most efficacious IRLs to develop the max tech level.
DOE selected more efficacious replacements with a similar reflector shape (PAR38) and
lumen output (within 10 percent) as the baseline lamp. In the engineering alxBAis,
considered onlyeplacements that saved enefya s ed on DOEOGs emnal ysi s,
presented in the preliminary analysis represented the higfiesicy commercially

available lamp meeting these criteria.

The CA 10Us noted that over the last few years, a number of products have been
designed and tested using improved haldéecepsules with new mixes and more layers
of materials in the thifilm coatings. IRLs have demonstrated efficacies above 30 to 35

Im/W, with efficacies of 45 Im/W (with a 1,0€@our lifetime) having also been achieved
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for omnidirectional lamps in lab setting” The CA IOUs cited a November 2012

Electric Power Research Instit(ePR|) study'® thatconducted extensive photometric,
electrical, and dability testing on a 32 Im/VMA-lamp, includingextended lifetime
measurements and testing of the langhbility to withstand sudden changes in voltage
asses#s performance. All lamps were stillifictional at 1,000 hours and 70 peraait

the test samples exceeded 2,000 hours. The independent study concluded that the high
efficacy | amps wandesceheguivdent with re§pecOtoallat t 1 nc
outputperforra n c e v a |l u dlseCA IDWUsfargueg thahe high efficiency

halogenlR capsules in those lamps could be inserted into reflector lamps agGxell.

IOUs, No. 32 at pp.-b)

The CA IOUs further noted that Venture Lighting is offeridy halogen Alamps
($6.98, 32m/W, 1,500 hours) and 2X alogen MR16 lamps ($6.90, 22 Im/\\6,000

hoursf? on the websiteyww.2XLightDirect.com The 2X mps are deemed to tveo

times as efficient as their typical incandescent counterparts. (CA 10Us, No. 32 &)pp. 5
CA 10Us emphasized that the 2X MES is a commercially available product using
technology that cabe used in othdamp form factorsThe CA 10Us acknowledged,
however, that the MR.6 lamp, which is not a covered product, cannot be used for a
direct comparison with the lamps covered under this rulemaking due to difieegn

parameters, coatings on the lensexl low voltag@peration Additionally, the CA 10Us

39 ETCC presentation, Dec 2010, slidex®vw.etcc

ca.com/pdfs/10_2X Incandescent ET Open_Forum_121207_ R1.pptx

“CEPRI report #.025779;
www.epri.com/abstracts/Pages/ProductAbstract.aspx?Productld=000000000001025779&Mode=download
41 www. 2xlightdirect.com/produetategories/dine

42 www. 2xlightdirect.com/produetategories/2>mr16
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http://www.etcc-ca.com/pdfs/10_2X_Incandescent_ET_Open_Forum_121207_R1.pptx
http://www.epri.com/abstracts/Pages/ProductAbstract.aspx?ProductId=000000000001025779&Mode=download
http://www.2xlightdirect.com/product-categories/a-line
http://www.2xlightdirect.com/product-categories/2x-mr16

stated that the challenges encountered with desigrsngaer form factofamp such as
an MR-16 may be more easily overcome with PAR lani@#\ IOUs, Public Meeting
Transcrpt, No. 30 at pp. 17273, 179180 TheCA 10Us notedtat he website
www.2Xlightdirect.comwhere these 2X lamps can be found, states#A& lamps are

ficomi nd?@AdaUs, Na 32 at pp.-6)

Philips stated that it is unknown if IRLs utilizing the 2X lamp technology are
technically viable. Philips pwided the example that a 37 Im/W lamp can be
demonstrated, but that it could only last 24 ho{i&ilips, Public Meeting Transcript,

No. 30 afpp. 173-174)

DOE acknowledges that efficaciousshape and MRL6 lamps are currently
being offered on the maek HoweverDOE cannot assume that lam@signs and
technologies that work for certain lamp shafgeg, MR-16 and Ashape lampsindat
low voltageswill achieve the same efficaciestire IRLs that are the subject of this
rulemaking. The incandescent lamps studied by EPRI and availabl&/&oture
Lighting (the2X A-lamps and MRL6s) arenot covered IRLsThey do not utilize the
same reflector shapasd the MR16s do nobperate at the sz input voltage as the
covered IRLsTherefore, DOE cannot consider these lamp types to determine a max tech

for IRLs.

43 www. 2xlightdirect.com/produetategories/2spar
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http://www.2xlightdirect.com/product-categories/2x-par

TheCA 10Us asserted thabvered IRLs exisih prototype form that are
dramatically more effi (CAAOUs,Nd. B2atrp. 4PDHEE 0 s
CA 10Us stated thatn 2009,theyfunded the development of a sufficient PAR
lamp achieving 37 Im/Vét 57W with a lifetime of 1,500 hourd:he CA 10Us provided
information about the lamp and its testing completed in 26(0A 10Us, No. 32 at p.:6

CA I0Us, Public Meeting Transgst, No. 30 at p. 173

Additionally, the CA I0OUs pointed ou# presentation from tiHémerging
Technologies Coordinating Coun@®TCC) sité® that includesnformation about the
market potential for advanced IR coatin§sveral PAR lamps achieving approximately
30 Im/W are forecasted to be available bidr2013, at a price point of $8 t®$° The
CA I0Usstated that thegre tracking the development of teggoducts and intend to
obtainsamplego submitto DOE The CA IOUs encourage DOE to reach out to
manufacturers of these products directly to understand more specifics about product
development schedules, manufacturing capability, likely cost poiotsjital potential,

andto potentially obtain prototypes of these lamps. (CA IOUs, No. 32 at p. 6)

The CA I0OUs concluded thddOE needs to look at max tech and then identify
whatis cost effectivefeasible and can be scaled up for producildre CA 10Us noted
that this was not adequately addressed in the preliminary analysis. Finel@h, IOUs

suggested thatne of the CSLs should be set in line with thax tecHeveland another

4 Appendix A is available at the end thie CA I0Us written comment in the docket for this rulemaking.
“>ETCC presentation, Dec 2010, slidehBp://www.etce

ca.com/pdfs/10 2X_Incandescent ET_Open_Forum_121207 R1.pptx

“% At the time of the NOPR analysis, these lamps were not commercially available.
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should be set in line with the maximum commercially available I&EEP agreed with

this recommendatiofCA IOUs, Public Meeting Transcript, No. 30 at pp04L773; CA

IOUs, No. 32 at pp.-@; NEEP, No. 33 at p.)3The Joint @mment also stated that to

properly identify the max tech levédOE should examine those sources igfeed irthe

CAl OUs6 comments, namely, EPRI, 2Xlightdirec

No. 35 at p. 3)

NEMA stated that iDOE chooses to consider higher performance levels based on
any recentlyntroduced techrlogies, they are obligated to conduct actual testing of these
lampsfor all performance parametesjch aseliability, lifetime, dimmability, beam
spread, light pattern, and any other performdeaatures expecteaf new/substitute
lamps in this clasfNEMA, No. 36 at p. 11INEMA alsocautioned DOE that emerging
technologyand prototyp models do not reliably represent the market, only market
attempts. NEMA further stated that technologies on which to base the future of an entire
product class must be m@nstrated and proven for lotgrm feasibility and market

acceptancgNEMA, No. 36 at p. 11)

For the NOPR analysis, DOE contacted manufacturers prodaighgefficacy
prototype IRLs and conducted independent testing of these lamps. The testingdndicat
that these lamps were more efficacious than the maxaeeldetermined by DOE in
this analysi$’ DOE notes that the lamps tested were prototype lamps and were not

manufactured during commercial scale production runs. Howevanedhsureefficacy

*"While DOE independently verified efficacy values,thea nuf act ur er 6s testing for |
ongoing at the time of the NOPR analysis.
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of the prototype lampgreatlyexceeded thefficacy of commercially available lamps

with similar lumenpackages. DOE does not, however, hdnemecessary information to
do a cost analysis to determine if an efficacy level based on these lamps would be
economically justified. In appendBA of the NOPR TSD, DOE provides an assessment
of these higher efficacy prototyp@acluding test dafa conduts a further examination

of the highly efficacious lamps relevant to this rulemaking noted by stakeholders in
comments, andpecifies the additional information it would needtmsiderprototypes

in a rulemaking analysi®OE welcomes comments on the ntegh level as well as any

further information on prototype lamps.

While DOE received several comments stating that the max tech level is greater
than that analyzed in the preliminary analysis, DOE also received comments that the max
tech level is not higher than the analyzed level. GE stated that it dielrete
techrology existed that wouldriple the efficiency of these lam@SE noted thatlthough
there may be tew more players in the markéte technology itself or whaan bedone
with it has notchanged irthe last three or four years. GE asserted that thedibas
technologyrepresergthe highest technologgvailabletodaythatmees many different
needs in the marketplacks efficacy requirements incregsa/en to the CSL Wtility is
lost, potentiallyleading toonly one product that works for omensumeand one
application GE stated thaCSL lrepresergthemax tech of whais available today that
could cover all the different market nee(SE, Public Meeting Tanscript, No. 30 at pp.

176-178)



As discussed previouslyabs e d o n D O E dosmescially hvgilables o f
lamps and because it does not have the adequate information to conduct a full analysis on
any lamp that represents an efficacy level higher than EL 1, DOE is proposifig’a.2P

EL 1 and the max tech level.

Proprietary Technology

In response to the max tech level presented in the preliminary analysis, DOE
received several comments regarding the use of proprietary techndBg) stated
that for all IRLs, no further elevations imguluct performance are possible. As support,
NEMA quoted from the final rule notice of the 2009 Lamps Rule, in which DOE had
noted thathe max techevel was possible with the use thie highesefficiency
technologically feasible reflector, halogghcoating, and filament desigmd because
this wouldrequire the use giroprietary technology, DOEould notconsider thisevel
further in its analyses. 74 FR 34080, 34096 (July 14, 2000)A stated thatfiDOE
proposes to raise the CSL above the existing level set by the 2009 RangpBOE
must explan why the proprietary technology hurdle no longer exiatalthen explain
how to achieve those higher CSLs. (NEMA, No. 36 at p SpEcifically, Philips
expressed concern that the improved reflector technology option, saciies
reflector coatingwas proprietary(Philips, Public Meeting Transcript, No. 30 atl{p9
GE added that requiring proprietary technology camidact competition(GE, Public

Meeting Transcript, No. 30 at pp69-170)
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EEI expressed similar concerns as NEMA and statedlthratg the 2009 Lamps
Rule, theDepartmenbdf Justicewas concerned about the higher standard levels because
certain technologies fdiIR lampswere proprietaryandthatbecause only tew
companiesnadethe highest efficacy lamgompetition in the industry could be
impacted EEI askedvhetherthere were issuesith the particular technology used in the
more efficacious substitute, such thanight be a proprietary technologpdmadeonly
by a very limitednumberor even one maufacturey which could limit its availability and
result in & extremely hgh price point(EEI, Public Meeting Transcript, No. 30 at pp.

167-168)

The CA 10Usnoted that they hagrovided a number of comments to that
r ul e madbdket apdusalternatéaerized reflector technolgies, and suggested that
manufacturers would be ableutlize them to improve effigzy of their lampsThe CA
IOUs reported that since the 2009 LampseRseeral manufacturensave begun
makinglamps wit silver reflectorsincluding, but not limited toHalco, Satco, Ushio,
and Osram Sylvani&.Further,the CA I0Us noted that the Lawrence Livermore Lab has
a patent; GE and DSI likely also have patents related to reflector techn@#égyOUs,
Public Meeting Transcript, N&O at pp. 1@-171) Given the wide variety of major PAR
lamp manufacturers that arelizing silverized reflectorghe CA I0Usencourageé DOE
to consider this a viable design option forlRIL manufacturers. (CA I0Us, No. 32 at pp.

8-9)

“8 More information on associated products can be found in the written comment available on
regulations.gov under docket number EERRA 1-BT-STD-0006.
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In the 2009 Lamps Rule, the highest level analyzed for IRLs was based on a
commercially available lamp that employed a silver reflector, an improved IR coating,
and a filament design that resulted in a lifetime of 4,200 h@vinde DOE had
determined thahe silver reflector was patented technology, D@&earch indicated that
therewere alternate pathways to achieve this level, such as filament retieaigineve
higher temperature operation (thus reducing the lifetima)proprietaryhigher
efficiency reflectors, and higher efficiency IR coating/4 FR 3408034133(July 14,

2009) In interviews conducted in the preliminary analysisthis rulemaking
manufacturergndicated that there were specific patent or intellectual property barriers
to abtaining commercially available IRL technologies. Further, in the preliminary
analysis, DOE put forth a CSL 1 that was based on a commercially available improved
HIR lamp that does not necessarily require a silverized reflector coating to achieve its
efficacy. Several mnufacturers have found means of designing more efficacious IRLs
that are commercially available, such as through the uisegidss coatings and higher
efficiency reflector coatings that do not use proprietary technologiie NOPR

analyss, DOE confirmed during interviews that proprietary technology is not a barrier to
achieving the proposed max tech level, which is also Hihérefore, in this NOPR
analysis, DOE is proposing the same efficacy level put forth in the preliminary analysis.
DOE has determined thdtis level can be achievealithout the use of proprietary

technology.
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f. Efficacy Levels

For IRLs, DOE developed a continuous equation that specifies a minimum
efficacy requirement across wattages and represents the potentadyeffimp
achieves using a particular design optiD@E observed an efficacy division among
commercially available IRL products that corresponded to the design options utilized to
increase lamp efficacy. Based on this efficacy division, DOE considee=e@8h in the
preliminary analysis. DOE received several comments regarding the CSL presented for

IRLs in the preliminary analysis.

The CA 10Us expressed concetimat theras only one CSLThe CA 10Us stated
that DOE is not capturing theuge potentiain the IRL market for efficacy gainbpth
for commercially available and nasommercially available product§he CA I0Us
stated that &ised on commerciallgvailable IRL products and other known high
performing products, DOE should add at least three additional, higher efi&dsto

its IRL analysis(CA I0Us, No. 32 at p. 4)

The Joint Comment agreed withe CA 10Us, stating that DOEhould add
multiple high efficacyCSLsto its analysisASAP suggested two or three additional
levels.(Joint Comment, No. 35 at p, BSAP, Public Meeting Transcript, No. 30 at pp.
171-172 NEEP notedhatthehi gher ef fi cacies i nforDOEGsS cert |
standardevelsshouldbe included in the analysis at this stageEP suggesteDOE
consideradding at leagivo additional CSLs taheanalysis between CSL 1 and the

maximum commercially available levéNEEP, No. 33 at p. EEA and NPCGtated
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thereis more han enough rationale to examine at least two or three additional i€SLs,
notthreeorfour, ncl udi ng a A maDOEhas motircludecefahess! , whi ¢ h

family of products(NEEA and NPCC, No. 34 app2, 5)

To demonstrate the feasibility pbtential efficacy improvements beyond the CSL
1 presented in the preliminary analysiee CA 10Us provided a graph that showed
efficacy levels otommercially available lamps from four manufactuteased on
catalog data, plotted against the considered CSL 1 and the standard from the 2009 Lamps
Rule In further supportthe CA IOUs provided another graph showing efficacy levels of
over 20 manufacturers f rasoplobe@gainsthe er ti fi cat.
considered CSL 1 and the standard from the 2009 LampsBtiltegraphs show a
number of lamps above the considered CSICA 10Us, No. 32 at pp4-5) ASAP asked
how old the data DOE used in its preliminary analysis was and why the lamps with
higher efficacies il OE 6 s  dveete adi eatieed. (ASARPublic Meeting

Transcript, No. 30 at pp. 17172

For the preliminary analysi§OE conducted a thorough reviewtbé latest
catalog andertification data provided for covered IRIBecausé’AR38 lamps are the
most popular products on the market and a PAR38 lamp was selected as the baseline,
DOE considered only PAR3Bmpswhen selecting more efficacious substitutasther,
DOE selected more efficacious substitutes with a lumen outputvii€hpercenof the
baseline lumensas this is the amount of change in light output deemed acceptable to

consumers(See sectioVl.D.2.efor further information)
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To ensure energy savings, DOE also chose higher efficacy lamps with a lower
wattage than the baseline lamp. DOE also did not consider anyHatgouldnot be
purchasedh the United Statessome of the products with the highest efficacsies D OE 0 s

certification databaseere not found for sale in the United States.

Thus, although there are certain lamps with efficacies higher than the levels
proposed bYpOE, DOE didnot considethem in the preliminary analysis for the reasons

stated aboveDOE maintained this methodology for the NOPR analysis.

NEMA statedthat the CSL 1 presented in the preliminary analysis was infeasible
given that there have been no technological breakthroughs since the 2009 Lamps Rule.
(NEMA, No. 36 at p. 9-11) NEMA also @mmented that having one C8liminates
DOE6s ability to analyze standard | evels
it more likely thatmax tech will become the new standgqiEMA, Public Meeting

Transcript, No. 30 at.[850)

DOE based CSL bn commercially available products that achieved catalog
efficacies above the existing standard. Specifically, the representative lamp for CSL 1
was a commercially available 55 W IRL with a catalog efficacy of 20 Im/W.
Acknowledging that the catalog efficy of a lamp varies froits certified efficacy, DOE
also reviewed certification data for IRLs. Basedcertification data, DORccordingly

adjusted CSL 1, resulting in an efficacy level of 8:ZPBecause DOE based CSL 1 on a
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commercially available fap and accounted for variances in efficacies between catalog
and certification data when establishing CSL 1, DOE believes that GSL 1

technologically feasible and is also the appropriate max tech level

The CA I0Usrecommenddthat DOE revisit the slapof the candidate standard
lines to better reflect the performance of lamps on the marketCA IOUs provided
graphsthat demonstrated three possible additional CSLs that could be used to more
effectively evaluate potential standards at higher, teclyieasible efficacy tiersThe
CA I0Us adjusted the slopes of the curves to account for higher efficacy potential at

higher wattage(CA I0Us, No. 32 at pp.-8)

DOE examined the possibility of changing the exponent of the existing equation
for IRL standards to betteneflect the performance of lamps on the market. DOE
conducted a best fit analysis and determined that the current equation accurately reflects
the wattages and associated efficacies of commercially available products. Thus, DOE

retained tle current standard equation.

Summary of IRL Efficacy Levels

For the NOPR analysis, DOE again reviewed the most updated catalog and
certification data available for covered IRLs. As in the preliminary analysis, DOE used
the catalog data to determine initial efficacy levels and then adjusted the ELs to ensure

that canmercially available IRLs would meet proposed levels based on compliance

information provided in DOEG6s certificati
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had foundhere to beertificationdata for only 36 percent of covered IRL products
compliant wth the July 2012tandards. For the NOPR analysis, DOE found that updates
to DOEOGs cert i fi dnadrtifioation dhtdor = pesicentof coeeredi | t e d
IRL products.Using certification data reported for the PAR38 2,500 hour HIR and 4,200
hourimproved HIR representative lam@3QE adjusteEL 1. As mentioned previously,

DOE developed a continuous equation that specifies a minimum efficacy requirement
across wattages for IRLs. The proposed EL based on the representative lamps is a curve

that repesents a standard across all wattages.

TableVI1.12 presents the proposed efficacy level for IREsechapter5 of the

NOPR TSD for additional information on hdhe engineering analysis was conducted.

Table VI.12 Efficacy Levels for Standard Spectrum, Voltage < 125 \Diameter >
2.5 IncheslRLs

Efficacy Requirement

Efficacy Level Im/W

EL1 6.2P"?7

P = ratedwvattage

g. Scalingto Other Product Classes

When more than one product class exists for a covered prauDEtjdentifies
and seledrepresentativeroduct classs to analyze directly. Efficacy levels developed
for these representative product classes are then scaled to products not analyzed directly.
For IRLs, DOE analyzed directly standard spectrum lamps greater than 2.5 inches in
diameter and with input voltagéess than 125 V. The efficacy levels developed for this

representative product class were then scaled to product classes not analyzed, using a
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scaling factor to adjust levels for modified spectrum lamps, smaller diameter lamps, and
lamps with higher inpuwvoltages. DOE received several comments specific to the scaling

factors applied to develop efficacy levels for the product classes analyzed directly.

Diameters Less Than or Equal To 2.5 Inches

In the preliminary analysif)OE scaled from the CSLs developed for the IRLs
with diameters greater than 2. 5RLswithhes (here
di ameters |l ess than or equal to 2.5 inches (
catalog data, DOE determined the refthn in efficacy caused by the smaller lamp
diameter to be approximately 12 percent. DOE also determined that the more efficient
doubleended HIR burners could not fit into small diameter lamps. Therefore, in the
preliminary analysis, DOE applied an adufial 3.5 percent reduction to account for the

ability of small diameter lamps to utilize only less efficient sirgieed HIR burners.

Asserting that dubleended burners can be utilized in small diameter lamps
NEEA and NPCC anthe CA 10Usurged DOE ot to use an additional scalifector to
account for theise of a singlkended burner in a small diameter larf(A 10Us, No. 32
at p. 1QNEEA and NPCC, No. 34 at p. Bhe CA 10Us noted thaby providing a
PAR20lamp with a double ended burner at gublic meeting they haddemonstrated
that doubleended burners can be used in small diameter laftke preliminary
analysis public meetinghe CA 10Us had presented two small diameter lamps with
doubleended burners. One was a commercially availabilgBiMR-16 lamp, whichthe

CA 10Us acknowledged to be out of the scope of this rulemaking, but asserted that the
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MR-16 burner would fit into a covered IRL. The other was a PAR20 lamp covered under
this rulemaking that wasot yet commercially availablg CA 10Us, Public Meeting
Transcript, No. 30 at 195197) GE noted that the MR16 uses a 12 V filament, which is
much shorter than the filament at 120 V, and NEMA statedihat technical features

are not transferrable between\2nd 120V products.(GE, Public Meeting Transcript,

No. 30 at p196-:197,NEMA, No. 36 at p. 11 The CA I0Us acknowledged that the

MR16 used a 12 V filament, but noted that the PAR20 lamp with a deualdied burner

was designed for operation at 120(€A 10Us, Public Meeting Tanscript, No. 30 at p.

197) Further,the CA IOUs noted that the FR20 lampwith a doubleended burner

achieved an effiacy of 16.1 Im/W, which is 12 percent higher than the @®bosed by

DOE for this lamp typén the preliminary analysigCA 10Us, No. 2 at p. 10)

ADLT agreed withthe CA IOUs, noting that these doubded burners have a
length of 52 mm and new doubdad burners are being introduced to the market that are
45 mm in length, which further mitigates mechanical fit problems related wahesm
reflectors. (ADLT, No. 31 at pp-23) However, NNEMA contended that doublended
burners will not fit into existing small diameter PAR20 lamps without extending the lens
cover. The extension of the lens cover would lessen the utility as the produdtned
fit into all fixtures designed to use PAR20 lampasd therefore couldot be considered
as an acceptable substitute. (NEMA, No. 36 at pGIR2pgreed that there were
difficulties in fitting halogen IR burners into small PAR20 envelopes. (GE dubl

Meeting Transcript, No. 30 at pp. 12993)



Regarding the PAR20 lamp with a douleleded burneprovided by the CA 10Us
at the preliminary analysis public meeting, DOE notes that it must also consider how the
use of a design option affects productitytitnd whether a more efficacious product is an
appropriate substitute for the existing product. DOE must also consider whether the
product can be manufactured at a commercial scale by the compliance date of any
amended standards. Basedfeedback gively manufacturers in interviews, fitting a
doubleended burner into a small diameter lamp would require changes to the physical
shape of the lamp, specifically requiring an extension of the reflector lens. While the
modified lamp may still meet ANSI standiarfor a small diameter lamp such as a
PARZ20, it would be larger than any PAR20 lamps sold in the past and those currently
installed. Because the lamp shape would be different from the standard sizes of
commercially available small diameter lamps, niredified lamp may not fit in existing
structures. Past a certain wattage threshold, heat dissipation in lampsmihex
envelope using a doub&nded burner could also become an issue. Further,
manufacturers stated that even if the dowgrided burner cadi fit into a small diameter

lamp, it would be difficult to place the burner/filament in the optimal position.

Therefore, in this NOPR analysis DOE continues to apply an additional 3.5
percent reduction factor when scaling efficacies of large diantesenall diameter
lamps to account for the limitation of small diamé#enps béng able to utilize only

singleended burners.
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TheCA |1 OUs questioned DOEOGsSs met hodol ogy

for large diameter to small diameter lampke CA IOUs stated that it understood DOE
compared the efficacies of small diameter lamps to larger diameter lamps on the market,
and established that there was a 12 percent difference. Under the assumption that the
singleended burner could not fit in small diater lamps, DOE then modeled the losses

of using a singleended burner. Howevehe CA 10Us did not understand why these

losses were added to the original 12 percent differetoeh represents thefficacy

reduction going from a large diameter to small diameter lamp. (CA I0Us, Public Meeting

Transcript, No. 30 at p. 19¥95)

ADLT statedthatit supported a 12 percent scaling factor based on the impact of
the less efficient diameter of the refiecbecause it was independent of capsule design.
ADLT noted that a typical PAR30 aluminutoated reflector with a front lens is
approximately 75 percent optically efficient while the same type of PAR20 reflector
(aluminum coated with a front lens) is apypimately 66 percent efficient. Therefore,

ADLT concluded that the 12 percent reduction in efficiency from large to small diameter
lampsc or r e s p o n dingklings wherDcOnipérisg catalog efficacy data of each lamp
type from several lamp manufacturer ¢gher features remaining approximately the

same). (ADLT, No. 31 at p. 2)

In the preliminary analysis, DO&mpared the catalog efficacies of halogen
PAR20 lams (the most common IRL with a diameter less than or equal to 2.5 inches)

andtheir PAR30 orPAR38 counterpastfrom several lamp manufacturers (all otkenp

f
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features remaining approximately the sarBased on these resulBOE found that the
reduction in efficacy caused by the smaller lamp diameter was approximately 12 percent
for IRLs. Becawse only halogen lampgereused (no HIR lamps were included), the 12
percent included the efficacy difference due onliatop diameter because tadditional
impact of a singleended versus doubknded burner on lamp efficatsyrelevant only

for HIR lamps.In the NOPR analysis, using the same methodology, DOE confirmed that
the efficacy reduction from a large diameter to a small diameter lamp should be 12

percent.

ADLT stated that the 3.5 percent scaling factor going from deertdied to
singleendedburners was also unnecessary because samgled burners can be highly
efficient within small diameter reflectors. They cited the example of arlBIRmp (2
inch diameter reflector) utilizing singlended IR halogen burner with an 85 percent
optical efficiency compared to a typical PAR38 (4.75 inch diameter reflector,
aluminized) with a 78 to 80 percent optical efficientlgerefore, ADLT urged DOE to
consider a 12 percent reduction factor, which would equate to an efficacy requirement of

5.5P?"for smdl lamp diameters. (ADLT, No. 31 at pp-3)

DOE cannot base its analysis on an{#&ampbecausdt is notdesigned to
operate at the same voltage as covered IRLs, and 8IBmps are ndhe subject of this
rulemaking DOE can assess the efficienclyasingleended burner only ia small

diameterRL covered under this rulemaking.
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With regards to scalind\EMA stated thaDOE mustensure not only that the
filaments and halogeournersmust be able to be inserted into all lamps scaled, but also
tha the beam characteristics required for those lamps, a rdekended performance
characteristiccanbe met. NEMA suggested thaDE developdemonstration models to

verify performancgotherwise scalingis not possible(NEMA, No. 36 at p. 12)

As noted, DOE determined thddubleended burners cannot fit into small
diameter lamps without changes to the lamp shape that could affect lamp characteristics
and thereby product utility. Therefore, DOE scaled from large diameter lamps with
doubleendedburners to small diameter lamps with singlededburners. DOE did not
create demonstration models becausestiading was based on lamp designs in

commercially available lamps.

Operating Voltages Greater Than or Equal to 125 Volts

In the preliminary aalysis,DOE scaled from IRLs with voltages less than 125 V
to IRLs with voltages greater than or equal to 12B®®@E developed a scaling factor that
would require 130 V lamps tested at 130 V to use the same technology and possess the
same general performe characteristics as 120 V lamps tested at 120 V. DOE found
that while there may be a slight decrease in efficacy, the lifetime of a 130 V lamp is
doubled when it is operated at 120 V, giving it an advantage over 180ps. Usinghe
IESNA Lighting Handbook equations that relate lifetime, lumens, and wattage to voltage

of incandescent lamps, DOE determined that a 15 percent scaling factor was necessary
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The CA IOUs stated that it can be assumed the primary utility of the 130 V lamps
was long life. Howeer, they noted that the utility has not been removed from the market,
as there are still many other commercially availableddedamps.(CA 10Us, Public
Meeting Transcript, No. 30 at pp6-67) NEMA clarified that the primary utility and
selling pointof the 130 V lamps was their ability to withstand voltage spikes. The
additional lifetime was just an added benéMEMA, Public Meeting Transcript, No. 30
at pp.67) EEI agreed that in some areas where the line voltage can be higher than 120 V,
the 130V lamps provided a safeguard against the lamp blowingBE{, Public
Meeing Transcript, No. 30 at pp. 633) NEMA asserted that consumers have arguably
lost a utility and noted that elimination of a markiesired performance characteristic is
counterto requirements in EPCANEMA, No. 36 at p. 15) Additionally, according to
EEI, consumers that now have to switch from 130 V to 120 V have to buy more lamps.

(EEI, Public Meenhg Transcript, No. 30 at pp. 613)

DOE received feedback manufacturer interviews that in certain areas where
voltage spikes may occur, a 130 V lamp will last longer than a 12én@g.DOE remains
concernedhoweverthat the operation of 130 V lamps at 120 V has the potential to
significantly affect energy sangs.DOE OGS r esear ch hlampsare hown t hat
usually operated by consumers at 120 V rather than at a higher voltage line. This could
incentivize manufacturers to design a less efficaart less expensiviS0 V lamp that
would meet standards whessted at 130 \Because they would be cheaper, there could

be a market migration to 130 V lamps and due to the lower lumen output when 130 V
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lamps are operated at 120 V, consumers may purchase more 130 V lamps, resulting in

increased energy consumption.

EEI noted that when 130 V lamps are operated at 120 V, their lifetime is
increased by about 2.5 timg¢EEI, Public Meeahg Transcript, No. 30 at pp. GE
noted that as 130 V lamps are operated on higher voltages, their effecaepses. GE
stated thathis relationship was misanalysed in the 2009 Lamps Rule, and as a result, the
July2012 standards have eliminated 130 V lamps from the m&@d€t.Public Meeting

Transcript, No. 30 at pp.0&1)

DOEG s r e s e a rthatlopenatmglli3CcValamessat @2/ increases lifetime
and lowers efficacgompared tmperaing these lampat 130 V.Therefore, ¢ develop
anappropriate scaling factor, DQfetermined the efficacy of 130 V lamps operated at
120 V if their additional lifetime over that of 120 V lampsene instead used to increase
their efficacy. DOE found this increase in efficacy to beddycent. Therefore in this
NOPR analysisDOE is proposing a scaling factor of a 15 percent efficacy increase from

an IRL with voltages less than 125 V to voltagesatgr than or equal to 125 V.

Modified Spectrum

In the preliminary analysis, DOE established CSLs for modified spectrum IRLs
by scaling from the CSLs developed for the standard spectrum producDedss
determined that a reduction of 15 percent froemdtandard spectrum CSLs would be

appropriate for modified spectrum IRLS.
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The Joint Comment urged DOE to eliminate the 15 percent allowance for
modified spectrum IRLs. The Joint Comment ndteat a 200Ecos Consulting study
that found an average light loss of 9 to 11 percent associated with modified spectrum
lenses. The study also highlighted the feasibility of modified spectrum IRLs exceeding
the highest efficacy levels in the 2009 Lamps Rule. Therefore, the Joint Conmunedht f
that the 15 percent scaling factor should be eliminated, as there are high efficacy
modified spectrum lamps, or DOE should reduce the factor to 10 perceatdb the

findings of the Ecos Consulting study. (Joint Comment, No. 35 at p. 3)

In the 2009Lamps Rule, DOE assessed the efficacy differences between standard
and modified spectrum IRLs by measuring the efficacies of commercially available
standard and modified spectrum lamps. 74 FR 34080 (July 14,. 20083t analysis
DOE correlated the meared color point data of the lamps with lamp light output
reduction and lamp spectral power distribution. By analyzing the data, DOE established
that a reduction of 15 percent from the standard spectrum to modified spectrum lamps

was necessary.

In the peliminaryanalysis, DOE confirmed this 15 perceatluction by
determining the difference between the catalog efficacidseatandardsompliant

modified spectrum lamps to comparabtandardspectrum lampdJsing the available

9 Ecos Consultingprepared for Pacific Gas & Electric, Natural Resources Defense Council, and the
Appliance Standards Awareness Project), 2009. Optical Losses of Modified Spectrum Lenses on
Incandescent Reflector Lamps.
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data forstandardssompiant modified spectrum lamps on the mark®DE comparedhe
efficacies of these two lamps with standard spectrum lawthshe same wattage and
lifetime by the same manufacturer as@hfirmeda 15 percenteduction in efficacy from
a modified spectrurfamp to astandard spectrum lampherefore, in this NOPR analysis
DOE is proposing a 15 percent efficacy reduction from a standard spectrum IRL to a

modified spectrum IRL.

h. Xenon

DOE identified higherefficiency inert fill gas as a design option for improving
lamp efficacy of IRLs. Specifically, xenon, due to its low thermal conductivity, can
greatly increase lamp efficacy and is utilized in most covered stancamgdiant IRLS.
NEMA commented that thavailability of xenon is decreasing. If standards are set at a
level requiring the use of xenon, it will increase its use, driving up prices and reducing
availability, similar to the rare earth phosphor shortage igbliEEMA, Public Meeting
Transcript, No30 at pp. 8-81) NEMA noted thatkenon is becoming increasingly
scarce, and its loss is an automatic percent efficacy reduction in IRLs. The loss of
xenon will make it impossible to meet CSL 1. NEMA referred DOE to a February 2013
article in CryoGasnternational Magazin® which provides additional information on
thexenon supply and demand market. These estimates sho¥Barrease in demand
of 15-20 percent followed by steady 10 perceaimand growth in outyears, with a
potential for dramatic ske if emerging demands from technology related to satellites,

anesthesia and electronics are realized as anticipgEeMA stated thaDOE should add

0 CryoGas International Magazine, February 4, 20l Bver Changi ng Rare Gas
Betzendahl
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an investigation okenon availability trends and pricing to its analysis. (NEMA, No. 36

at p.3)

NEEA and NPCC disagreed, stating that as there is no current shortage of xenon
fill gas, and a standard requiring it would not demand a significant increase in xenon use,
then xenon price and supply should not be an issue for this rulem@&iEBA and
NPCC, No.34 at p. 2, 5The CA IOUs further noted that xenon is already being used as
the primary fill gas in virtually all IRLs, so a requirement of its use would not especially
impact any constraints on supply or price instability in the maf&€#t.I0Us, No. 32at

pp. $10)

DOE acknowledges that xenon supply and prices are an important factor for the
lighting industry, including IRLs. Therefore) the preliminary analysis DOE conducted
a market assessment of xersupply, demand, and prices as well as an L&isivity
to determine the impact of increased end user lamp prices due to increases in the price of

xenon. DOE updated this assessment for the NOPR analysis.

For the NOPR analysis, DOE examined various industry sources relevant to the
xenon market inclding theFebruary 2013rticle in CryoGas International Magazine
cited by NEMA. While, the article did forecast increases in xenon demand in 2013 and
2014, it also stated that it expected this to flatten out due to penetration of LEDs into the

market. A 2012 CryoGas InternateirMagazine article noted that xenon price increases
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predicted for 2012 did not occur to the extent expett@DE understands that

fluctuations in xenon supply and price are possible and difficult to predict. Based on its
research, DOE did not find thdttere was currently a major shortage of xenon. To further
inform the impact of xenon demand and prices, in the NOPR analysis, DOE conducted an
LCC sensitivity that determines how high the xenon price would have to increase to

result in zero LCC savings ftine consumer at the proposed level. Based on the results of
this analysis, DOE determined that EL 1 is achievable even with fluctuations in xenon
price. See appendixC of the NOPR TSD for complete details on the xenon price
sensitivity conducted in the L& Additionally, for this NOPR analysis, a xenon price
sensitivity was also conducted in the NIA. Detailed results can be fowhdpter 1f

the NOPR TSD.

i. Proposed Standard

DOE received several comments that no standards should be proposed for IRLS.
NEMA indicated that the CSL 1, which was also the max tech level presented in the
preliminary analysis should be eliminat¢lEMA, No. 36 at p. 19) GE suggested that
the existing standard for IRls appropriate, and DOE does not need to establistharhig
standard. (GE, Public Meeting Transcript, No. 30 at pp-1/& DOE has identified that
there are achievable efficacy levels higtem the existing standard and has developed
an EL based on the latest catalog and certification information. Seandéich.3.f for

more details.

®Bet zendahl, Richard. #@AStill Bullish on Rare Gases:
International, February 2012. (Last acces®etbber 252013.) <www.cryogas
digital.com/cryogas/201202?pg=30#pg30
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NEMA, in general, did not believe that any increase in efficacy for small
diameter, modified spectrum, or greater than 125 V IRaslevbe warrantedNEMA,
No. 36 at p. SNEMA expanded on the 130 V IRL, asserting that these lamps appear to
have been eliminated by the 2009 Lamps Rwnlé arguing against further regulation.
(NEMA, No. 36 at p. 15) Further, NEMA found the lack of 13 lamps on the market
as evidence that current standards for these lamps are technically or economically
infeasible. NEMA noted that there is still difficulty in making these IRLs comply with
the July 2012 standard®NEMA, No. 36 at p. 5Yherefore, NEMAstrongly
recommenddthatfor IRLs with voltages greater than orequalto 126 We CSL be fNo
New Standard 0ot CSL Q whichimplies there are products to reguledéher than
acknowledgng the inability to further raise efficiency requiremerflSEMA, No. 36 at

pp. 1611)

GE alsostrongly disagreed with applying another 15 percent increase on top of an
already unachievable stand#od the 130 V IRLs particularly when it was not clear how
energy savings coul d be | meetexidsingstahdasdea d why pr
would be further regulated. (GE, Public Meeting Transcript, No. 30 at Apl93) EEI
asked what percentage of the lighting market the 130 V lamps represent and questioned
what can be gained by additional analysis if the standatoisted by the 2009 Lamps
Rule have eliminated 130 V lamps from the marieEl, Public Meeting Transcript, No.

30 atpp. 58-60, 69
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DOE has not found evidence that more efficacious small diameter, modified
spectrum, or 130 V IRLs are not technologlicéeasible or practicable to manufacture.
DOE research indicates that the basic structure, components, and operating requirements
of these lamps do not prevent the application of design options considered in the
engineering analysis to achieve the praubsfficacy levelsTherefore, in this NOPR
analysis, DOE is proposing efficacy levels for these lamp typ@& requests comment
on any technological barriers in manufacturing more efficacious small diameter, modified

spectrum, or 130 V rated lamps fommmercial production.

E. ProductPricing Determination

Typically, DOE develops manufacturer selling prices (MSPs) for covered
products and applies markups to create st prices to use as inputs to the LCC
analysis and NIA. Because GSFLs and IRLs areatiffito reversesngineeri(e., not
easily disassembled), DQHd not use this approach derive eneuser prices for the
lamps covered in this rulemaking. the preliminary analysi©OE estimatd enduser
prices for lamps by establishing discounts frm@nufacturer suggested price lists
(her eafbtoeork Apbb@EoeEvised ifs methodology for the NOPR, as described
below, to account for additional information that became available after publication of

the preliminary analysis.

For thisNOPRanalsis,DOE gathered publicly available lamp pricing data after
the compliance date of tlieily 2012 standardBased on feedback from manufacturer

interviews,DOE determined that GSFLs and IRLs are sold through these channels



(state procurement, largkstributors includindlY stored(i.e., Loweds and Home
Depot) and Internet retailers). Using these main charared$he pricing data DOE

developedtiree different endiser pricess representative of a range of publicly

available priceslow, based orthe state procurement chanmakdium based on large

distributors and DIY storesind high based on Internet retaileta thepreliminary

analysis, the medium endser prices were used in the main results of the LCC and NIA

analysis while the low anddh enduser prices were used in sensitivity analyses in the

LCC. DOE received several comments on this methodology and the resultinger

prices NEMA deferred commerdn product price determinatiaa individual

manufacturer interviewgNEMA, No. 36at p. 13)

Stakeholders had specific comments regarding the IRL pASKSP andthe CA
IOUs found the price estimates for IRL standards case lamps provided by DOE to be
higher than the typical pricing thégund o the market. (ASAP, Public Meeting
Transcript, No. 30 atp 200201; CA IOUs, No. 32 at pp. 1D01) The CA 10Us stated
that low, medium, and high prices were provided for a 55 W IRL at 20 Im/W for CSL 1,
however, CSL 1 required an efficacy of only 18.3 Im/W for a 55 W lathpCA 10Us
suggestd that DOE collect cost information more representative of the minimum
efficacy needed for each CSL analyzéde CA IOUs assertetigh outlier price points
should not be given equal wei ghtonsumersDOEG6s an
will find lower priced products readily availablehe CA IOUs provided a table showing
some eneuser price information gathered by ASAP @nelCA 10Us. The information

gathered includes price points for some of the higher perfortRibogfrom the major
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manufacturersollected from seven different retail outlets, including both onlinestsutl
and brick and mortar stores, with the highest price at $16.49 and the average price of
$13.03 (CA 10Us, No. 32 at pp. 101) NEEA and NPCC alsguestiord the high

prices, speci€ally prices greater than $15 for 500 W halogen lamps with an efficacy of

20 Im/W or less. (NEEA and NPCC, No. 34 at p. 6)

In the preliminary analysis, while the representative lamp at CSL 1 had a 20 Im/W
catalog efficacy, its compliance values indezht lower tested efficacy, resulting in an
adjustment of CSL 1 to the 6.2 coefficient that would result in an efficacy of 18.3
Im/W for a 55 W lamp. Therefore, in the preliminary analysis, DOE determined prices of
a lamp that represented the minimafficacy at CSL 1. Further, the representative lamp
prices at CSL 1 for IRLs were determined to be $9.29 for the low price, $16.34 for the
medium price, and $23.77 for the high price in the preliminary analysis. These prices
were based on publicly avail&price data, including prices from available state
procurement contracts and a substantive number of Internet retailers. Any lamp prices
from only one Internet retailer or one state procurement contract were removed from the
pricing analysis, as were aeytremely high priced.€., extremeoutliers in the price
trend observed for a lamp). DOE also examined the lamp prices cited ®$ I0Us
and ASAP by identifying prices for these lamps at generally known lighting retailers,
such as Home Giamgen dnd eLightBwilespasd found average prices up to
$20. RegardingheCA | OUs® comment t hat-pricedpreductger s wi | |
DOE conducts the high price sensitivity in the LCC in part to address scenarios where

consumers do not purchasenjas at the lowest price.
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Several stakeholders provided general comments indicating that the prices based
on Internet retail presented in the preliminary analysis were too high. ASAP questioned
why the I nternet prices were higher than the
mediumcase. ASAP noted that because such stores also sell products online, residential
consumers would find these medium prices on the Internet. Additionally, ASAP
mentioned that commercial customers would be educated enough to avoid the higher
Internet pricesmaking it unlikely for anyone to purchase products at the high prices
DOE presentedASAP, Public Meeting Transcript, No. 30 at pp. ZB6) GE, however,
noted that DOE found the prices online, demonstrating that the channel does exist. GE
also stated thiasome retailers, small stores or online sites set their own price points and

these can be very hig{GE, Public Meeting Transcript, No. 30 at201)

For this NOPR analysis, DOE updated its pricing database and its blue book
information and developed dated high, medium, and low prices for the IRL
representative lamps at C3LThese prices were slightly lower than those determined in
the preliminary analysis because of updated price data collected from online retailers and
updated blue book prices. DQ@#So received updated blue book prices for lamps covered
under this rulemakinp OE6s pricing analysis intends to
prices. DOE believes that the medium prices used in the main results are representative of

the average precpaid by the consumer.
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DOE also received comments regarding using a weighted price in its main results.
NEEA and ASAP urged DOE to weight the high, medium, and lowused prices rather
than using sensitivitie$NEEA, Public Meeting Transcript, No. 36 pp. 22-203;
ASAP, Public Meeting Transcript, No. 30 at pf232204) NEEA also emphasized the
importance of weighting the different market prices in rulemakings, such as this one,
where the nature of the product prohibits the typical markup analyfi®dotogy.
(NEEA, Public Meeting Transcript, No. 30 at p223Vhile it may be possible f@ome
marketssourcego charge more for the product, B&E and NPCC contended that such
pricing has nothing to do with the cost efficiency and should not impaantigsis. An
ideal pricing proposal would be one based on sakighted average pricing. NEEA and
NPCC urged DOE to seriously revisit this part of the analysis. (NEEA and NPCC, No. 34

at p. 6)

NEEA cautioned DOE to be careful in determining what fraaiotme market is
paying what price at each channel, and ASAP suggested DOE account for-tisz=end
and volume of lamps specific to a chanfREEA, Public Meeting Transcript, No. 30 at
p. 232; ASAP, Public Meetig Transcript, No. 30 at pp. 2@®3) Forthe state
procurement channel, NEEA noted that in the lighting market in their service area, state
contract pricing is available for every government or sgoviernment entity, and
therefore many lamps are sold at the low piisEEEA, Public Meeting Trarsipt, No.
30 at pp231-232) ASAP also noted that many lamps are being sold through each state

procurement contract but cautioned that accessibility to these contracts is limited and
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therefore, the low price they offer is available to only a very smailbeu of consumers.

(ASAP, Public Meetig Transcript, No. 30 at pp. 22D3

Additionally, ASAP remarkethat if a consumer pays the high price, they are
probably doing so by choice, as the medium price is accessible. ASAP likened the
scenario to purchagina book, where large online retailers and bookstore chains will have
the book significantly marked down, but a consumer could choose to pay a high price in
order to support a small local bookstore. ASAP reasoned that very few lamps would be
sold at the Igh price and suggested DOE weight the prices accordiffBAP, Public

Meeting Transcript, No. 30 at pp. 2@D3

Taking into consideration the above comments, in this NOPR analysis DOE
developed an endser price weighted by distribution channel. Usimgnufacturer
feedback in interviews, DOE determined an aggregated percentage of shipments that go
through each of the main channels for GSFLs and IRLs. The large distributors and DIY
stores channel was estimated at 85 percent, the state procurement ahafmpsrcent,
and the Internet retail channel at 5 percent. DOE then applied these percentages
respectively to the average medium price determined for large distributor and DIY stores,
the average low price determined for state procurement contractbeaanekerage high
price determined for Internet retailers. The sum of these weighted prices was used as the
average consumer price for GSFLs and IRLs in the main LCC analysis and NIA. DOE

continued to utilize the low prices and high prices in a sensiavigyysis in the LCC
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analysis. See chapter 7 of the NOPR TSD for further information on the pricing analysis.

DOE welcomes feedback on the pricing methodology used in this analysis.

F. Energy Use

For the energy use analysis, DOE estimated the energy lzsepsin the field
(i.e., as they are actually used by consumers). The energy use analysis provided the basis
for other DOE analyses, particularly assessments of the energy savings and the savings in
consumer operating c o s tadoptibrhohamenden standardr e sul t f

levels.

1. Operating Hours
To develop annual energy use estimates, DOE multiplied annual usage (in hours
per year) by théamp power (in watts) for IRLs and themp-andballast system input
power (in wattsfor GSFLs DOE charaterized representatitamp orlamp-andballast
systems in the engineering analysiss To char
for a typical year, DOE developed annual operating hour distributions by sector, using
data published in th2010U.S. Lighting Market Characterizatiaeport(2010LMC),>?

the Commercial Building Energy Consumption Survey (CBEC8)e Manufacturer

*2U.S. Department of Energy, Office of Energyfi€iency and Renewable Energgnergy Conservation
Program for Consumer Produc210 U.S. Lighting Mrket Charactézation. 2012Washington, D.C.
<http://appsl.eere.energy.gov/buildings/publications/pdfs/ssl@ddinal-jan-2012.pdf>

3 U.S. Department of Energy, Energy Informatiodministration.Commercial Building Energy
Consumption Survewlicro-level data, fie 2 Building Activities, Special Measures of Size, andtMul
building Facilities. 2003Washington, D.C.
<www.eia.gov/consumption/commercial/data/2003/index.cfe®vimicrodate>
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Energy Consumption Survey (MEC%)and the Residential Energy Consumption Survey

(RECS)*®

NEMA agreed with the consideregaating profiles (NEMA, No. 36 at p. 15)
GE also stated that the operating hours looked reasof@iePublic Meeting
Transcript, No. 30 at p. 21 However, EEI found the similarity between the GSFL
commercial and industrial operating hours to be sungri¢EEI, Public Meeting

Transcript, No. 30 atp 212-213)

In the preliminary analysis, DOE calculated weighted average operating hours
using the probability of a building type within each sector using the data sources
described abov@.hese sources pvide the most accurate and recent data available on a
national scal e. DOEG6s approach resulted in s

and industrial sectors.

DOE updated the methodology for determining operating hours in the NOPR
analysis. The weighted average operating hours are based on the probability of a GSFL or
IRL within a specific building type, rather than based on the probability of the building
type.DOE used the average lamps per square foot and the percentage of lamps that are

linear fluorescent or halogen from the 2010 LMC to calculate these values. The average

¥ U.S. Department of Energy, Emgrinformation AdministrationManufacturing Energfonsumption
Survey, Table 9.1Enclosed Floorspace and Number sfablishment Buildings. 2008Vashington, D.C.
<www.eia.gov/consumption/manufacturing/da@06/xIs/Table9_1.xIs

5 U.S. Department of Energy, Emgrinformation AdministrationRECS Public Use Microdata files.
2009.Washington, D.C. <www.eia.gov/consumption/residential/data/2009/>
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operating hours using the revised methodology are similar to those found in the
preliminary analysis. For further details on the operating hours, see chaptere6 of th

NOPR TSD.

NEEA offered data from their residential sector energy use field survey of 2,200
lighting fixtures in 1,400 houses. NEEA noted that DOE could use the data to verify
analyses and findingBlEEA also mentioned their commercial sector energy use field
survey, but stated that they might not have those data in time for NOPR analyses.
( NEEA, Public Meeting Transcript, No. 30 at
ResidentiaBuilding Stock Assessmergports®® but continued to use the data sources
described above in its analysis because NEEA
DOE did not find any recent NEEA report regarding energy usage in the commercial

sector at th@ublication of this notice.

2. Lighting Controls

DOE evaluaed the impacof lighting controls orthe energy use of GSEland
IRLs. Most lighting controls have one of two impacts: reducing operating wattage or
reducing operating hours. DOE refers to th@sedroups of controls as dimmers or light
sensors, and occupancy sensors, respectively. The calculated operating hours used in the
reference case already account for the use of occupancy sensors because the 2010 LMC
operating hour data are based on bugdiorveys and metering data. In the preliminary

analysis, DOE accounted for the use of dimmers or light sensors by modeling GSFLs and

*N E E AResidential Building Stock Assessment availabletgt//neea.org/resouraeenter/regional
dataresources/residentibluilding-stockassessment
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IRLs on dimmers and developing associated energy use results for both types of covered
lamps as a sensitivity analysis.eSgppendix 6A of the NOPR TSD for further

information.

Regarding the dimming scenarios, NEMA noted that the dimming systems save
more energy than the standards considered in this rulemaking. NEMA asserted that this
furthered their arguments thatthisimlae ki ng i s unnecessary and a
would be more advantageous for energy efficiency. NEMA contended that DOE pursues
diminishing returns through component standards and distracts resources from more
beneficial efficiency effortfNEMA, No. 36 & p. 15)DOE did not consider a system
approach in this rulemaking because EPCA directs DOE to undertake a review of
standards for GSFLs and IRLs and determine if amended standards for these lamp types

would result in energy savingg2 U.S.C.6295(i)(1)and (3}(5))

a. GeneralServiceFluorescent. ampLighting Controls

In the preliminary analysif)OE assessed the impacts of dimmers on GSFLs by
determining the reduction in system lumen output and system input power as a result of
using dimming ballasts.d&ed on product research and manufacturer feedback, DOE
analyzed dimming scenarios fol@&mp 4foot MBP systems,<4amp 4foot MBP
systems, 2amp 4foot T5 MiniBP SO systems, andl@mp 4foot T5 MiniBP HO
systems operating in the commercial and indaissectors. DOE determined that the
average reduction of system lumen output for GSFLs was 33 percent based on research

and manufacturer input.
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GE asked for clarification on how DOE was incorporating the percentage to
which the dimmed lamps were being diwed.(GE, Public Meeting Transcript, No. 30 at
pp.211) DOE incorporated this assumption by decreasing the BF of the baseline ballast
by 33 percent and subsequently calculating the system mean lumen output of the baseline
lamp-andballast system. DOE theassumedhat eacthigher efficacy lamgandballast
system would be dimmed to equal the mean lumen output of the baseline system and
adjusted the BF accordingly. DOE calculated the percentage each higher efficacy lamp
andballast system was dimmég dividing theBF at the dimmed light outpily the
catalogBF at full light output. For more information, see appendix 6A of the NOPR

TSD.

Sever al commenters supported DOEGsSs anal ys
noting that dimming systems are growing in popularity and provide the potential for
significant energy savingBlEMA statedthatwhenit encourages high eficy
fluorescent retrofg through one of its marketing programslways tresto encourage
lighting controls Thus,whenaretrofit results in increased brightness there is the option
to dim, which is where the largest amount of savings (N&MA, Public Meeting
Transcript,No. 30 at pp. @8-109) Further, Lutron stated that it agreed that the 33 percent
energy savings from dimming systems cited in the preliminary analysis is close to the
actual savings that can be expected as opposed to the savings estimated from higher lamp

efficacy.(Lutron, Public Meeting Transcript, No. 30 at pf3-74)



Commenters expressed concerns, however, regarding the calculated energy
consumption of a dimmed largndballast system and the inclusion of reduced wattage
lamps in the dimming analysisutron noted that GSFL light output and input power do
not scale perfectly linearly from zero. Lutron explained that there is an offset at the low
end that accounts for the required electrode heating, typically a few percent of the total
maximum rated poweThe light output and input power scale linearly after this point.
(Lutron, Public Meeting Transcript, No. 30 atd20) NEMA referenced their white
paper LSB345 and added that the need for cathode heat skews efficacy calculations. The
lower the light aitput, the more cathode heat power increases, lowering the efficacy of
the system. The systems are the most efficacious at full power, but NEMA clarified that
this does not mean that they do not save energy when dimmed, only that it is not a linear

scale(NEMA, No. 36 at p. 14)

DOE agrees that GSFL light output and input power do not scale linearly from
zero for dimming system#n the preliminary analysis, DOE utilized manufacturer
published performance characteristics of the dimming systems to dévelogationship
between light output and input powBOE plotted the minimum and maximum light
output levels and associated system input powers published in catalogs, and then fit a
linear equation to the points. The published system input power valomesisum light
output reflected the presence of cathode heat at minimum light output and thus the linear
equations did not originate at zero. This approach was maintained in the NOPR analysis.

For more information, see appendix 6A of the NOPR TSD.
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Regardhg reduced wattage lamps, commenters noted that reduced wattage lamps,
which contain krypton, did not provide the same dimming functionality as full wattage
lamps. GE observed that if the GSFL standard is set at a level requiring a heavier fill gas,
namey krypton, then th&lESwould start to decrease. GE and Lutron noted that even
though controls and dimmers are already becoming required in buildings, the krypton
eliminates the ability to control and dim the lamps, negatively affecting the energy
savings(GE, Public Meeting Transcript, No. 30 at p@0221; Lutron, Public Meeting
Transcript, No. 30 at pp.3774) Philips stated that there is no published testing of
dimming with krypton fill gas and currently no standards for dimming ball@3slips,

Public Meeting Transcript, No. 30 at p22) NEMA further emphasized these points,
cautioningDOE thatreduced wattag28 W lamps are less feasible to dim thanvg2
lamps.NEMA suggestedOE model a 32V lamp for their dimming analyseSEMA

further stated that CSLs should be set to retain the 32 W [§NpSIA, No. 36 at p. 14)

DOE acknowledges that reduced wattage lamps may dim unreliably in certain
applications. DOE discusses the dimmability of reduced wattage larvip8id. In the
preliminary analysis and this NOPR analysis, however, DOE identified several
manufacturers that published performance data of both 28 W and 2fedvVMBP
lamps vhen paired with dimming ballastBhis data indicates that these reduced wattage
lamp types can be utilized in some dimming applications. For this reason, DOE continues
to analyze reduced wattagdabt MBP lamps in its dimming analysis in addition to full
wattage 4foot MBP lamps. Regarding T5 lamps, DOE found that catalog information

generally did not indicate that reduced wattage T5 lamps should be operated on dimming
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ballasts. Therefore, as in the preliminary analysis, DOE does not analyze reducgd watta
T5 lamps in dimming systems. As noted in sectibib.2.g, DOE has ensured that the
full wattage lamps in all product classes meet the proposeddeitst fullwattage lamps

are available in situations whamduced wattage fluorescent langws unacceptahle

b. IncandescerReflectorLampLighting Controls

In the preliminary analysi®OE research indicated thain average, consumers
using dimmers redudampwattage by 20 percent, corresponding to a lumen reduction of
25 percentaind an increase in lifetime by a factor of 3.94. DOE analyzed two scenarios in
LCC sensitivity analyses: (1) the light output of the baseline lamp was reduced by 25
percent and more fegient lamps were dimmed to the same light output and (2) the
characteristics of the lamps analyzed represented the distribution of dimmers across the
nation. For the second scenario, DOE use@@i® LMCto determinehat 29 percent of
halogen IRLs opate on dimmers or light sensors in the residential sector and 5 percent
of halogen IRLs operate on dimmers in the commercial sentbused these percentages
to calculate weighte@verage performance characteristi2®E received several

comments on itsRL dimming analysis.

Lutron stated that they did not have independent datdhéuwstimate dive
percent olamps inthe commercial sectaperating on dimmerseems reasonably
accurate. (Lutron, Public Meeting Transcript, No. 30 at p. Bibiyever, Lutron and

NEMA disagreed with the value used for the lifetime multiplier.

212



Lutron commented that the lifetime multiplier given for IRLs appears twabed
on the stadard incandescent formutablished in the IESA Lighting Handbook.
Lutron sated thathe multiplierthat should be usddr halogen PAR lampsyhile still
between three and fqus lower than the multiplier DOE useflLutron, Public Meeting
Transcript, No. 30 atpp 214-21595 NEMA al so di sagreed wthg h DOEOGS
lamp | i fe for halogen products f'3d |whwesr e hve i n
is the voltage across the filament. BasedNdg M A i@searchNEMA put forward the
proper relationshipsa i L i ', evhieh wduild result in a multiplier & rather tha 4
for thereduction in light output DOE considerékherefore, NEMA recommended
multiplier of 3,instead othe multiplier of 4 suggested in tpeeliminaryTSD. (NEMA,

No. 36 at p. 15)

In the preliminary analysis, DOE did not use an equation inBB&lA Lighting
Handbook to calculate the lifetime multiplier and therefore was not employing the
incandescent curve referenced by NEMA or Lut
Savings Calculator, available on the Lutron webSitehe values provided iris
calculator are based on experiments conducted on halogen lamps, which provide the most
accurate representation of the lifetime increase that occurs as a result of dimming halogen
IRLs because they are based on halogen technology instead of incanteEsuanibgy
and use experimentaldata | n t hi s NOPR analysis, DOE has
Energy Savings Calculator to determine the lifetime multiplier associated with various

levels of dimmed light output.

57 www.lutron.com/eAJS/EducatiorT raining/Pages/Tools/EnergySavingCalc.aspx
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G. Life-Cycle Cost Analysis and Paybaekriod Analysis

In the preliminary analysif)OE conducted LCC and PBP analyses to evaluate
the economic impacts of potential energy conservation standar@Sfidrs and IRL®N
individual consumers. The LCC is the total consumer expense over thedifgaduct,
consisting of purchasenstallation and operating costgfjerating costs amexpenses for
energy use, maintenance, and repair). To compute the operating costs, DOE discounted
future operating costs to the time of purchase and summed thetheviéetime of the
product. The PBP is the estimated amount of time (in years) it takes consumers to recover
the increased purchase cost (including installation) of a more efficient product through
lower operating costs. DOE calculates the PBP by divitfiagchange in purchase cost
(normally higher) by the change in average annual operating cost (normally lower) that
results from the more efficient standabddlOE used a fAsi mpledo PBP for
which does not take into account other changes imatipg) expenses over time or the

time value of money.

For any given effiecy or energy use level, DOE measures the PBP and the
change in LCC relative to an estimated bease product effecy or energy use level.
The basecase estimate reflects the meatrkvithout new or amended mandatory energy
conservation standards, including the market for products that exceed the current energy

conservation standards.
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Inputs to the calculation of total installed cost include the afoste producd
which includes onsumer product pricand sales taxésand installation costs. Inputs to
the calculation of operating expenses include annual energy consumption, energy prices
and price projections, repair and maintenance costs, product lifetimes, discount rates, and
the yearin which compliance witlproposed standardgould be requiredDOE also
incorporated a residual value calculation to account for any remaining lifetime of lamps
at the end of the analysis period. The resid
to the consumer at the end of tieC analysis period. In addition, this residual value
recognizes that a lamp may continue to function beyond the end of the analysis period.
DOE calcul ates the residual valwe by I|Iinear/|

consistent with the methodology described inlifie-Cycle Costing Manual for the

Federal Energy Management Proqrrﬁm

As inputs to the PBP analysis, DOE used the total installed cost of the product to
the consumer for each efficacy level, as wellhasfirstyear annual operating costs for
each efficacy level. The calculation requires the same inputs as the LCC, except for
energy price trends and discount rates; only energy prices for thie yeaich

compliance with any new standard would be requ{®17, in this case) are needed.

%8 Fuller, Sieglinde K. and Stephen R. Peterdational Institute of Standards and Fieology Handbook

135 (1996 Edition); LifeCycle Costing Manual for the Federal Energy Management ProgPaepared

for U. S. Department of Energy, Federal Energy Management Program, Office of the Assistant Secretary
for Conservation and Renewable Enerdaepruary 1996NIST: Gaithersburg, MD. Available at:
http://fire.nist.gov/bfrlpubs/build96/PDF/b96121.pdf
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To account for uncertainty and variability, DOE created value distributions for
inputsas appropriatencluding operating hours, electricity prices, discount rates and
sales tax rates, and disposal costs. For examplg, @eated a probability distribution of
annual energy consumption in its energy use analysis, based in part on a range of annual
operating hours. The operating hour distributions capture variation across census
divisions and largstates, building typegndlamp orlamp-andballast systems for three

sectors (commercial, industrial, and residential).

DOE conducted the LCC and PBP analyses using a spreadsheet model developed
in Microsoft Excel. When combined with Crystal Ball (a commercially availablevaoé
program), the spreadsheet model generates a Monte Carlo sintdlatiparform the
analysis by incorporating uncertainty and variability consideratitims. Monte Carlo
simulations randomly sample input values from the probability distributionkaamul

user samples, performirig000 iterations per simulation run.

NEMA commented on the general LCC methodology used in the preliminary
analysisstatng that t appears the 3Qearpaybackperiod forLCC analysis timeling
about which they hagreviously expressed concehas been stretched to ay&ar
period for this rulemakingNEMA assumed th time period was chosém justify
feasibility arguments that have miniscule payback estimates. NEMA requested that DOE
clarify the 7Qyear forecastig and related analyses, and explain the justification for

examining such a long period. (NEMA, No. 36 at )

*9Monte Carlo simulations model uncertainty by utilizing probability distitms instead of single values
for certain inputs and variables.
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The PBP is the amount of time it takes the consumer to recover the assumed
higher purchase cost of a mesHicacious product through loweperating costs. DOE
calculates and presents the payback period for all LCC scenarios, regartiesgabie
of the payback period, including the long payback periods referenced by NEMA.
Payback periods are one of the factors that DOE considers whenngeigh benefits

and burdens of TSLs.

In the NOPR analysis, DOE generally maintained the methodology from the
preliminary analysis, with a few changd@sbleVI.13 summarizes the approach and data
DOE used to derive inputs to the LCC and PBP calculations for the prelinaimaiysis
as well as the changes madetfus NOPR.The NOPR TSD chapter 8 artd appendices
provide details on the spreadsheet model and of all the inputs to the LCC and PBP
analysesThe NOPR TSD appendix 8B provides results of the sensitivity analyses
conducted using Monte Carlo simulatidine subsections that follow discuss the
comments regarding eadtitial input and anychangesnadeto themin the NOPR

analysis
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